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PREFACE 


Armature winding calls for a combination of skill, care and common 
sense together with a practical knowledge of motor construction and 
operation that usually grows out of years of winding and repair 
experience. But even the experienced man cannot always acquire 
the same degree of skill in rewinding all varieties of motors. However, 
when experience is supplemented by practical information in usable 
form, any good winder can quickly pick up the essential details that make 
a good winding job. 

In view of the fact that there has been little practical information 
published on winding procedure for fractional horsepower, direct and 
alternating-current motors, the authors have attempted to compile 
in this volume such details for all the common types of windings used for 
portable drills, grinders, automobile starting motors, sewing machine 
motors, desk and ceiling fans, vacuum cleaner and washing machine 
motors, and other similar applications of small direct and alternating 
current motors. This information has been presented in step-by-step 
details from the start to the finish of a winding job so as to make it easy 
for the experienced winder to understand the procedure and give him a 
grasp of the essential requirements of the windings that are used by the 
manufacturers of small motors and to enable him to rewind or change 
them as conditions require, even though he may not have bad much 
experience in rewinding small motors. 

Small motor rewinding jobs are, for the most part, simple, hand- 
winding operations but they call for the same good judgment and care as 
when rewinding larger motors. In the commercial repair shop to rewind 
small motors at a profit in view of the low cost of the motor when new, a 
low labor cost is essential and this calls for speed and a thorough 
knowledge of the kinds of windings used so that no errors will be found 
when the completed winding is tested out. There are some short cuts to 
be learned as well as steps in performing the work that will produce the 
quickest and most satisfactory job from a workmanship standpoint. 
These factors have been taken into consideration in writing this book 
so that the practical side of the winding operations have been dealt with 
in detail, giving as little technical information as required to understand 
the reasons for the winding procedure that is presented. 

This is then a practical man’s handbook on the winding of small direct 
and alternating current motors rather than a textbook on the subject. 
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However, it will be found a useful reference book for those trade and 
manual training schools that conduct practical courses in motor winding. 

The information presented in many of the chapters of this book has 
been based on articles that have appeared in Industrial Engineer. To 
E. H. Hubert, formerly associate editor of Industrial Engineer, 
acknowledgment is made for assistance in arranging a part of the original 
material and preparing some of the sketches. The authors also extend 
their thanks to electrical manufacturers who have liberally furnished 
photographs and winding information. 

In compiling a book of practical information giving details and 
examples of practice, certain errors may creep into data and diagrams. 
While the authors have checked all information carefully they will be 
grateful to those who discover errors and report them for correction. 

Danirt H. BRAYMER. 
A. C. Rox. 


Cuicaco, ILL. 
June, 1925. 
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REWINDING PROCEDURE FOR SMALL DIRECT- 
CURRENT MOTORS 


REWINDING SMALL MOTORS 


CHAPTER I 
THINGS TO DO BEFORE A JOB IS SENT TO THE REPAIR BENCH 


In both small and large repair shops mistakes and misunderstandings 
can be prevented during repair operations and at the time the work is 
being billed to the customer, when a simple but complete record system 
is kept that will show the condition of the job as received and full details 
of the work to be done. Such information can be provided on a work 
order or job ticket bearing a job number to which all time and material 
can be charged. A simple record system that can be used for a wide 
variety of repair work should include the following forms: 

1. A receiving tag bearing the job number. 

2. A work order or job ticket bearing the job number. 

3. A material ticket for use when drawing material out of stock. 

4, A time ticket for recording the time of each man required on the 
job. 

Before a job is assigned to a repair man all the necessary information 
relating to the work to be done should be recorded on these forms. The 
time it takes to do this will be decidedly worth while in making sure that 
the details of the order are complete in one place so that every one having 
to handle any part of the work will refer to the same source of information. 
This will go far in avoiding misunderstandings and preventing expensive 
changes when the customer is hard to satisfy and checks the work care- 
fully when it is received. 

Repair records and forms differ in almost every shop. There is a 
tendency to start with a simple system and then add to it until it becomes 
expensive to maintain and adds unnecessary cost to each complete job. 
The following details are given for forms that are easy to fill out and 
provide sufficient information to answer all the essential questions about a 
job while work is being done on it and also at the time the customer is 
billed for the cost. They also provide information that will be of value 
when estimates are required in a hurry. The keeping of such a record is 
Just as important as striving for high quality of work done, and the proper 
filling out of the following forms as described and illustrated is the first 
step in a repair operation and should be so considered rather than a 
clerical detail assigned to a clerk with little accurate knowledge of repair 
details. 
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Unless the original record of repair instructions and customer’s 
requirements are clear, specific and accurate, the finished job is likely to 
show the same indifference in the way it looks when completed or shows 
up on test. Many good shops that have the equipment and experience 
to do good work have unknowingly gained the reputation of being 
sloppy and inaccurate in following instructions, when the real fault is not 
lack of ability to follow instructions accurately but failure to force the 
customer to furnish full details of his requirements and reduce this to 
writing on such forms as have been found essential to provide complete 


JOB NO. 
CUSTOMER 


ADDRESS 


DATE WANTED 


APPARATUS AND PARTS RECEIVED 
eee 


MAKE HP. 


VOLTS R.RM.____ SERIAL No. 


TYPE NO. FORM NO. 


© WIND ARMATURE (© WIND FIELDS 


© REPAIR COM. O MAKE COILS 
O NEW COM, © MAKE BEARINGS 
O SLOT Com. C1] CLEAN AND PAINT 


COMPLETED AND TESTED DATE 


Fie. 1.—A convenient form of receiving tag that furnishes information for identifying 
the job and indicating the nature of repair work to be done. 


repair information. Such information and suitable forms for recording 
it are shown in the accompanying illustrations and described in the follow- 
ing paragraphs, 

Information on Receiving Tag.—A receiving tag should be attached to 
the motor or other apparatus to be repaired before it is assigned to the 
repairman for the work to be done. It should never be removed until 
the time when the completed job is to be shipped and given its final check 
for completeness of work ordered and the number of parts or auxiliary 
devices received with it. A suitable form of tag for use in a small repair 
shop is shown in Fig. 1. This receiving tag should show the job number 
and the parts received for repairs. Columns should also be provided 


so that 
tag to make sure that all 


THINGS TO DO BEFORE A JOB IS SENT TO THE REPAIR BENCH 3 
job ti inst the receiving 

f job ticket can be checked agains 
Se ceva i work has been done that was called for and 
d have been assembled for shipment. It is a 
n this receiving ship covering extra parts, 
etc., and then check 


that all the parts receivec 
d plan to make a notation on 
och 2 pulleys, bed plates, rails, starting boxes, 


WORK ORDER OR JOB TICKET 


Job No. Customer 
Address 

Date Job was Received 

Date Promised 


Ship by Express Parcel Post 


All Call SS C.0O.D.Yes or No 


APPARATUS RECEIVED 
Nake eee Hp. 
R.P.M. CS sSSeerrial Noo. 
Form No. 

WORK TO BE DONE, CHECK, ITEMS 
Wind Armature ———_________. Wind Fields 
Make Coils 

Insulate Commutator 


Make Bearings ____ SS SCS—~SCrrcattinge 


New Commutator 


Remarks covering other work 


Date Completed 
‘Material used 
Labor 
Crating 

Total Cost 


Fic. 2.—A simple form of work order or job ticket for a small repair shop. 


the outgoing shipments for these extras. Little items of this nature 
promote satisfaction on the part of the customer for a missing gear or 
pulley makes the returned apparatus useless. 

Work Order or Job Ticket.—The job ticket should be held by the 
shop foreman and should provide spaces for the following information: 
(1) Details of the job as received, including make, type and other identify- 
ing numbers; (2) Promised or scheduled date of completion; (8) Details of 
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work to be done; (4) Details of special work not called for in the original 
repair order, but authorized as a part of the work to be done; (5) Details 
of packing and how shipment should be marked. 

A form of job ticket that embodies this information and has been 
found useful in arriving at an accurate cost of the work done is shown in 
Vig. 2. This ticket can be made up on cardboard 6 by 8 in. about as 


heavy as the regulation post card and filed in a ve 
man’s desk rack. 


Material and Time Tickets.—'T 
show the kinds of materials used, t 


CONSUMER'S NAME 
APPARATUS REPAIRED 


04 | 
fev / alts | 
AAS — 
ES SS SO A 


Fic. 3.—A material-used form on which materials used in repair and finishing operations 
can be recorded for a particular job. 


time put in by each man working on the job. They should also provide a 
space for the value of the material used and the wage rate and value of 
time spent in doing the job. Figure 3 shows a material form for repair 
Operations and for finishing operations such as varnishing and baking. 
Figure 4 shows a convenient form of time ticket. 

Complete Cost and Billing Information.—The information provided 
on the forms shown as Figs. 2, 3 and 4 make it possible to make up accu- 
rate costs for a job and the total price to be billed. Details of the final 
cost and also instructions for the return shipment are shown on the form 
in Fig. 2. This particular form can be made as an envelope in which all 
the records on the job including correspondence and forms shown as 
Figs. 2, 3 and 4 can be enclosed and filed for future reference on a similar 
Job or for use in estimating new work of a similar character. 


rtical positon in a fore- 


hese forms should be made out to 
he amounts and the actual hours of 
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THI. 


i = eiving record forms have been prop- 
Be ont eet sn ts wings repair job is an inspection is 
erly filled a erent and nature of repairs that are required. EXxcep 
Bre. cere a motor has been through a fire or Is 80 badly ‘nae 
BS ncrwis that it is clearly evident that a complete dismantling 2 
Sa Be caust be done, some inspection tests are usually necessary. c 
a E all motors with ratings of 1é, 14 and 4 horsepower, the a 
Ber ior is so small that a repair shop must be equipped wit. 
“ ienen experienced in handling small work or the repair costs 
ee coomive However when careful attention is paid to the rewind- 
will bE bp 


JOB NO. 
WINDERS NAME 


OPERATION 


REGULAR TIME ON_______ HRS. 


OVERTIME ON... HRS. 


TOTAL HOURS ON JOB 
Pee ea 


- ioe ven oO: 
Fic. 4.—A convenient form f time ticket that can be used by each winder working on a 


ing of small armatures and making other repairs, with an ans ee © 
i i the minimum, small m 
ations and hold waste of material to 
Pak provides a profitable source of revenue for a private Ae a 
This is particularly true of automobile starting motors and lig : st 
generators, {an motors, washing machine and vacuum cleaner motors, 
small drill motors and the like. ; ; 

When these types of motors are received for repairs, a ae ou 
armature or field coil can either be seen or the motor will eee es - : 
smell. Tapping the armatures with a screw driver will cause t 8 i i 
tion to drop off if the armature is roasted, and the solder w eae 
armature leads are attached to the commutator will, in some oe =e 
melted so that the leads are loose or held so that they are easily p. 
out with a screw driver. 

Before attempting to start a motor on test, look the ee, 
over for open circuits and shorts. An open circuit in the a “ aes 
cause a blackening of the bars between which the eee em ae 
circuit will also cause a burned appearance but the mica betwee 
bars will be burned deeper. ; ; 

Checking Up Field Coils.—When testing field coils put the oe. 
set of coils in series across the line voltage, on which the motor 1s to 


6 REWINDING SMALL MOTORS 


used, as shown in Fig. 5, and measure the voltage drop across each coil. 
A low reading for any coil indicates a short circuit in that coil. Shunt 
field coils can be tested for shorts by connecting them across the proper 
line voltage for about a minute. If the coil is shorted, a burned smell 
will be noticed. These are rough and quick tests that will indicate 
correct results nine times out of ten when performed by an experienced 
repairman. For more accurate tests when the trouble seems to be diffi- 
cult to locate, the following equipment and methods should be used. 


Freld Corls 


Fig. 5.—Equal readings of the voltmeter between points 1 
cates that coil insulation has not been broken down. 
short circuit in that coil. 


-2, 3-4, 5-6, and 7-8 indi- 
A low reading for any coil indicates a 


Outfits for Making Accurate Tests.—For locating troubles in small 
direct-current armatures the testing transformer shown in Fig. 6 can 
be used and will give quick and accurate results. 

For use on a 110-volt, 60-cycle circuit this transformer is wound with 
150 turns of No. 10 B. & S. gage square double-cotton-covered magnet 
wire. For 220 volts, 60 cycles, 300 turns of No. 13 is used and for 110 
volts, 25 cycles, 356 turns of No. 14. 'The core is of H-shaped laminations 
measuring 5 by 6 in. over all. These are built up to a depth of 314 in. 
and are held together by 14-in. bolts which are insulated from the lamina- 
tions by paper or tape bushings and washers. In making the core, blank 
laminations 5 by 6 in. may be bolted together after the holes are drilled 
and the whole core may be milled to shape in one operation. After 
milling, all burrs should be removed with a file. 

In winding the coil a fiber or bakelite sleeve should be put around the 
core. After each layer is wound it is painted with bakelite and baked. 
When the winding is completed the coil is bound with friction tape or a 
band of }é-in. cord. A snap-or-push switch in the connecting cord facili- 
tates shifting the transformer when testing large motors. 

For testing small direct-current armatures about 2 to 4 in. in diameter, 
the transformer is placed on a bench and the armature is place das 
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a i bove its center. 
f the motor directly a _W 
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ts of a testing fork which spans one commutator ae sel 
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Fic. 6.—Const: 


i i res. 
and open circuits in small direct current armatu 


To determine whether a short circuit is in a coil or ee bse 
take the blade of a knife and bridge the two bars and then ia a os 
with one bar. If a spark is noticed when the vee is oes : eee 

i a i iced then the bars are shorted. 
the coil. If no spark is notice 
Fakod is quicker than the milli-voltmeter bar-to-bar test and m most 
is just as accurate. ; 
“we are Bho of leads on the armature will cause it to run a ae 
speed up. Also a short-circuited shunt field coil will cause the motor 
run above its rated speed. : ; , 

A convenient test board for use on a repair bench a af i eg 

shown in Figs. 7 and 8 and used on both direct-current an z os - 
current circuits. This board is 24 in. long and 14 in. high. ee 
only the direct-current wiring is shown. The alternating-cu 

1 duplicate. ; a 
i Diiginng the board a three-wire, 110 to 220-volt cay ae F 
connected to the three-pole, single-throw fused nae ae ee a 
are the three binding posts to which test leads are attacned, 
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test leads should be used, one permanently attached to C and the other 
shifted from A to B for 220 volts and for 110 volts respectively. For 
110-volt tests with lamps in series, switch D is thrown to the left and the 


Fie. 7. -—Repair-shop test board for which a wiring diagram is shown in Fig. 8. 


2200 


Ling 


DPDTS.~ @) 


AB 


B 


repair-shop test board shown in Fig. 7. 
ct-current 110-volt tests, attach test lea, 


is, for running motors, ete. without 
e switch H and throw switch D to the right. For 220- 


current may be regulated by the four lamps. For 220-volt tests the 
leads are connected to A and C and switch D is left open. If D is closed 
and a heavy current is drawn by the tested apparatus, the lamp (4) may 
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purn out. For direct connection to the line, the switch D is thrown 


ight. ome 
Re Be citer convenient board, shown in Fig. 8B, gives 110 or 220 volts 


i _ The line comes into the board through the 
oct yin Bae wires each leading to a lamp and the neutral 
a Be ile-pole double-throw switch (2). On the posts A and B 
bo a or 290 volts may be obtained by throwing the switch 

i i left. 
| ai Se eer od cs on small motors aes be 
laced when they show wear of more then 0.008 of an inch or when there 
Be oti ble movement of the shaft when it is wiggled with the fingers 
bi fain Except in special cases avoid making a special bearing for 
a shaft. It is cheaper to install new bearings and a new 


shaft. 


CHAPTER II 


RECORDING WINDING DATA AND STRIPPING A DIRECT- 
CURRENT ARMATURE 


When rewinding small direct-current armatures, there are a number of 
points that should be noted before the armature is stripped in order to 
provide information and data needed when the armature is being 
rewound. An experienced repairman will require less information than a 
man who is not familiar with small motors but knows more about the 
larger types. It is a good plan, therefore, to take too much information 
from the winding and core as received than too little, for this information 
may be useful on other jobs, particularly on those that come into the shop 
with the core stripped of its old winding. 

Winding Data That Should Be Recorded.—It is advisable to adopt 
a standard information form in the shape of a card that will fit a standard 
file box that can be purchased at a stationary store. These cards measure 
3 by 5in.; 4 by 6 in.; and6 by 8 in. and are the most convenient sizes to 
use. Then make up a rubber stamp that can be used to print on these 
cards the information and coil diagram as shown in Fig. 9. 

In connection with these card forms, it is always advisable to use a 
sketch of one or more coils showing their connections to the commutator 
so that there will be no chance for making a mistake in using the data 
that is recorded on the card form in the spaces provided on it. A simple 
and widely used form of coil diagram is shown on the bottom part of 
Fig. 9. The way it is used is illustrated in the diagrams of Figs. 10 to 20. 
When a more detailed sketch is necessary, in those cases where acomplete 
coil is made up of two or more single coils, the coil diagram can be drawn 
as shown in Fig. 21. Other handy forms of coil diagrams that are more 
detailed than Fig. 9 are shown on page 77 of Chap. XI, in Fig. 62. 
These will be found convenient at times when it is necessary to record 
details of special windings. The upper diagrams of Fig. 62 show an 
armature connected on the half while the lower diagrams of Fig. 62 
show an armature wound on the half but connected straight out. 

For most small armatures the coil diagram shown at the bottom of the 
card form in Fig. 9 will be the one most used and particular reference is 
made to that in the following paragraphs. It can be used for all types 
of wave or lap windings with one or more coils per slot, windings having a 
dead (idle) coil or half idle bar or with any brush position. 
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o ead ae eee for indicating the position of the poe ee ae to com 
Pe thottor lead of the first coil to be put on when the armature 1s 


i ils; i f the bottom coil 
j - size of wire used for the coils; location o 
ee the coil in the bottom of the slot as slot No. 1 and 


lead by considering ees 


then give the number of the bar to which it is wuietar - bie 
sketch; the distance the commutator 1s pressed on the shaft as ae 
in the sketch; all markings stamped on the armature a or ae 
details of the banding as to turns and size of wire; pounds o —s ia 
in the old coils which will indicate the amount of wire required fo 
coils, and layers, thickness and kind of slot insulation. 
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The term “ Wires per Bar” on this form refers to the number of leads 
attached to each commutator bar and does not include dummies nor fillers. 
This will serve as a check on the number of wires in hand while winding 
the coils. That is, when there are two wires per bar, the coils are wound 
with one wire in hand and there will be the same number of bars as there 
are slots. When there are twice the number of bars as slots, the coils 
will be wound with two wiresin hand. When there are four wires per bar, 
with the same number of bars as slots, the coils are wound with two wires 
in hand. When there are twice as many bars as slots and four wires per 
bar, the coils are wound with four wires in hand. 

After the word “Bands” in the form in Fig. 9 write in the number of 
bands, size of wire, kind of wire, and width of bands in number of turns. 
This is important since on some armatures the core bands project into 
the air gap. That is, there are no band grooves so that when a heavy 
wire and clips are used the air gap is decreased and in some cases the bands 
are liable to rub on the pole pieces. Under ‘‘Remarks” in the form, write 
in any special features of the winding and comments on changes that 
might improve it. 

The back of the form in Fig. 9 can be used to record the time taken by 
the winder for each operation for the purpose of computing the cost of 
the job. This information can then be transferred to the job record 
system described in Chap. I. The information the winder should 
keep on time required will call for the following operations and these 
should be written on the back of the card form with the time taken for 
each item. 

. Stripping and cleaning the armature. 

. Testing and repairing the commutator. 
. Making coils. 

. Cutting and forming insulation. 

. Winding and connecting armature. 

. Putting on band wires. 

. Soldering leads to commutator. 

. Dipping and baking armature. 

. Turning the commutator. 

10. Final inspection and testing. 

How to Mark Slots and Bars to Agree with Information Recorded.— 
At the time the winding data and information is recorded on the 
form in Fig. 9, the armature should be marked so that after it is 
stripped, it will be easy for any winder to follow the recorded data that 
may be taken by another winder. The following instructions cover 
these markings: 

1. Mark the tooth each side of the slot that contains the top half of 
the coil with two crosses (XX), then put one cross (X) on the tooth 
each side of the slot that contains the bottom half of the coil. 


OON OOP whe 
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2. Mark each commutator bar on the end, with a center ogee 
(one dot) that contains a lead from the coil in the slots located by the 
ks. 
“s "Next line out from the center of the slot between the two os 
feed (XX) to the commutator. If this line falls on the ee 
a bar either side of the mica, with three center-punch dots. If the line 
i j i dots. 
bar, mark this one bar with three 
Se Mark the commutator bars on the center line of the slot between 
the teeth marked with one X in the same manner, except use two — 
5. When the commutator is to be removed for repairs, do not me es 
6. Always fill out data cards as per Fig. 9 on each job and mark the 


above. ; 
Be if the armature has a dead coil or idle bar, use 1t for the locating 


a that two crosses are placed on the teeth each side of the 
slot in which the top half of the coil lies, and only one Sey to ae ne 
bottom, as in Figs. 10 and 11, is to eliminate the possib hi - o ae i 
hand coil being made instead of a left or vice versa. This also pr 
orrect coil pitch. 

a The clas indicated in ase as 1, as ee Z aL aia 
particularly useful when a coil is made up an se a bre ee 
as to be used as a sample for making up others. In this case the x 

i i king up the winding record card to find the pitch since this 
Mecca on the een The markings also show in which slots ius 
the top and bottom halves of the coils. Another saving in nee he 
important in cutting down the cost of winding small armatures, a eae 
winder does not need to spend time laying out the yee ae 5c 
already been done for him and he can start right in on t ; Mss fe 
operation. In mills and factories where a repair shop is it ., 
marking of the core eliminates the necessity of recording a . - 
data for the same or a like job when it comes 1n for the secon a : 
Such an armature can be stripped by a less experienced man than 
“a reason for using dots when marking the bars on the ae ee 
of the slots containing the first coil as shown mn Figs. 10 an : , is : 
eliminate the chances of connecting the armature up wrong. ee 
four-pole wave-wound armatures there are two possible . ae aoe 
long and short pitch or progressive and retrogressive. F eet : fe) i 
possible error in connecting the winding when the bars for t oe ok 
bottom leads only are marked. The coil marked A in Fig. = si is 
commutator pitch of 1 and 12 or short pitch (retrogressive) Ww a ee 
be assumed as the correct winding. If the winder did not ee es 
slots nor the bars in front of the slots in which coil A was Se on ae 
old winding, then when the new coils were to be wound in, there wo 
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be no way of telling which was the correct commutator pitch. The 
pitch of coil B in Fig. 19 which is 1 and 18 or long pitch (progressive) or 
the pitch of coil A which is 1 and 12 or short pitch (retrogressive) might 
be used. If the pitch of coil B is used the direction of rotation would be 
reversed in the motor or the polarity of the brushes would be reversed in a 
generator from that resulting when the pitch of coil A is used. However, 
this particular mistake could only happen on a four-pole machine since 
the four-pole winding is the only one on which either a long or a short 
pitch coil can be used. 

Examples Showing Proper Marking of Slots and Bars and Recording 

of Connections.—The form for recording winding data shown in Fig. 9 
is made up so that a rubber stamp can be used for the tabulation at the 
top and another rubber stamp for making the diagram of sides and one 
end of a coil and the squares to indicate the commutator bars. Such a 
stamp can be used for all types of windings, wave and lap with one or 
more coils per slot or for windings having a dead (idle) coil or half idle 
bar or with any brush position. The dotted line connecting the end of 
the coil to the slot is used to indicate the distance that the winding pro- 
jects beyond the core. The two rows of squares represent the commuta- 
tor bars. The top row is used when the center line of the slots lines up on 
a bar. The bottom row is used when the center line of the slots line up 
onthe mica. When necessary, extra bars can be drawn in and lines drawn 
from the slot to the bars to show the number of coils per slot. In all 
cases, slot and bar No. 1 should be used to indicate the bottom half of 
the coil and bottom lead to the commutator. 

In Figs. 10 to 20 eleven different markings and connections are indi- 
cated to show how to use the form in Fig. 9 for recording winding data 
and how the diagram of connections should look after it is completed. 
The diagram in Fig. 10 is for a wave winding with brushes on the center 
line of the poles. The bars marked 1 and 26 would have one dot on each 
while bar 8 would have two. Likewise bar 19 on a line with slot 12 would 
have three dots. (See instructions for marking slots and bars, paragraphs 
3 and 4, page 13.) 

The diagram marked Fig. 11 is for an armature with 97 bars and 
shows how a dead coil is indicated. Figure 12 is for an armature having 
three times as many bars as slots. When the number of coils per slot 
is even (2, 4, 6, etc.) use the lead of the coil at the right-hand side of the 
slot for showing the pitch and connections to the commutator. When 
the number is odd use the lead of the middle coil as shown in Fig. 12 with 
the connection to the commutator marked on bars 1 and 63. Figure 13 
is a diagram for a winding with all the throw in the top lead and right 
hand. Figure 14 shows winding data for a General Electric 1,000 arma- 
ture. Note how the bottom lead is brought over to the center line of 
the coil and the manner in which this lead is located. Figures 15, 16 and 
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the diagram on the card 
lap-wound armatures and show how 
4 - fe 9 can be used for small hand-wound types. When taking 
a on armatures having skewed slots, line out with a string from the 
.. of the core as shown in Fig. 18 and not from the commutator end 
ce 


¥ ee mam for indicating the connection of an armature with a half 
idle bar ie shown in Fig. 20. This armature has 49 slots and 98 bars. 
1 tead of there being a dead coil, bars A and B are made one by forming 

—- of the coil. The top leads of the coils 1 and 2 are soldered 
. ed connected to bar C. Then the bottom lead of coil 1 1s put 
a “A according to the proper connecting data. ‘The bottom lead of 
A an utin bar B. ‘The slot in the neck of bar A should be filled with 
Fe ries after putting down the bottom Jead of coil 1. This is the only 
lead connected to this bar thus making the equivalent of a 97-bar 
coring Coil and Commutator Throws When Complete Coils of 
Winding Are Made Up of Two or More Single Coils.—In those cases 

where an old winding is wound with coils made up with say, three single- 

coils or when a dead single coil is used, it 1s sometimes more convenient 

fo use a coil diagram like that in Fig. 21 instead of the one in Fig. 9. 

In what follows details are given for using such a diagram with references 

made to the accompanying diagrams in Figs. 22 and 23. 

Before removing all the coil terminals from the commutator necks, 
test out one coil to locate the slots in which the coil sides lie. The coil 
side in the bottom of the slot at the right will be called No. 1. The 
other side of the complete coil (in a double-layer winding) will be in the 
top of a slot, a distance which is called the coil throw. : Count this coil 
throw inslots. In Fig. 22 a diagram is shown for a lap winding in which a 
complete coil is made up of three single coils. The bottom coil side of 
the complete coil is in slot No. 1 and the top coil side is in slot No, 12, 
so that the coil throw is slots 1 and 12 or 11 slots. Next draw in the 
center line of the coil and show whether it falls in a slot or on a tooth and 
also show on the diagram whether this center line of the coil at the 
commutator falls on a bar or on a mica between bars. If the total num- 
ber of commutator bars is an even number, the center line of the coil 
will fall on a bar but if it is an uneven number, the center line will fall 
on a mica. e 

In the case of a lap winding shown in Fig. 22, commutator bar No. 1 
is assumed to be directly under slot No. 1. Then the number of bars is 
counted between bar No. 1 and the bar to which the terminal of the coil 
side in slot No. 1 is connected. This number is marked on the diagram. 
In Fig. 22 it is bar No. 4. 

With the diagram marked in this manner, the slots and bars can be 
punch marked as explained on page 12 and the coils and commutator 
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Fie. 21.—Coil diagram showing position of commutator and connection of bottom 
leads of first coil to be put on and connected to commutator when the complete coil is 
made up of two or more single coils. To locate bar A use the following formula: Bar A = 
BX(C-1) 

2 


-++1 where B is the number of single coils per coil and C is the coil pitch 


in slots. When A comes out a whole number and a fraction use the whole number and drop 
the fraction. 
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Fig. 22.—This form of diagram can be used for a lap winding when a complete coil is 
made up of three or more single coils as indicated to show how the bottom leads of the 
first coil are connected and how to locate the commutator on the shaft when it is replaced. 
To locate bar A (No. 4 in the diagram) use the formula given under Fig. 21. 
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removed from the armature. When it is rewound and the commutator 
replaced the commutator can be lined up as it was originally placed, 
by referring to the punch marks and checking with the diagram. From 
the diagram the winder can also tell the type of coil needed and can easily 
Jocate the commutator bar to which the bottom lead of the first coil must 
be connected as the coils are placed in the slots. This is of importance 
when the winder who stripped the armature does not happen to be the one 
who rewinds and reconnects it. 

In Fig. 23 the use of this diagram is illustrated for recording data. for 
a wave winding. This particular diagram shows how it can be drawn 
and used for a continuous wave winding or one with a dead coil. The 
same procedure is followed as in the case of a lap winding except that bar 
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Fig. 23.—This form of diagram can be used for a wave winding that is continuous 
or one with a dead coil when the complete coil used is made up of two or more single coils 
to show how the bottom leads of the first coil are connected to the commutator and how 
to locate the commutator on the shaft. 


No. 1 is taken as the one to which the bottom coil side of the complete 
coil is connected. Then count from bar No. 1 toward the left to the 
center line of the coil. This coun’: gives the coil throw and is marked on 
the diagram with the commutator bar drawn in so as to indicate whether 
the center line of the coil falls on a mica or ona bar. In case the center 
line falls on a mica, the same bar numbers are marked on the bars on each 
side of this mica. When the center line falls on a commutator bar, the 
proper number of bar from the coil throw is marked on the bar, always 
counting to the left from bar No. 1. It should also be noted whether 
the center line of the coil falls on a slot or on a tooth and the number of 
slots marked in the same manner as the bars were numbered. The 
bars and slots should be punch marked before the winding is stripped 
and the position of the commutator and connections for the new winding 
checked with the diagram at the time that connections are made to avoid 
possible errors. 
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Winding Information for Automobile Starting and Lighting Arma- 
tures.—The winding sketch and data card shown in Fig. 24 is used by a 
large company that rewinds about 2,000 small armatures a month, includ- 
ing a large number of the same type. These drawings are mounted on 
tough cardboard 5 by 8 in. and covered with celluloid to keep them clean. 
A binding of black leatherette is sewed around all four sides. One of 
these drawings is made up for each standard armature that comes in for 
rewinding and shows the style of winding, the size of wire used, number of 
turns per coil, the type of winding, the commutator connections and all 
the limiting dimensions. It also shows the core and shaft diameters and 
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Fic. 24.—Winding diagram that gives winding data and dimensions for a particular type 
of armature. 


_ In case a new style is received for which no drawing is on file, one can be made up before the armature 
is stripped. The drawing is mounted on tough cardboard and covered with celluloid. A binding of 
black leatherette is sewed around all four sides. 


other dimensions so that a check can be made to see that everything is 
correct before the armature is turned over to the customer. ‘This is 
necessary because many armatures are received by express for rewinding 
and they cannot be tried out in the motor and therefore must be accurate 
in dimensions before being shipped. 

These drawings are filed according to the style of winding in a wooden 
card file on the foreman’s desk. New drawings are made up as new jobs 
arrive at the shop for which drawings have not been already made. 
When an armature comes in for rewinding, it is identified as to style of 
winding used and a check made to see if a winding card is on file. If 
there is one this winding card is given to the winder with the armature. 
If there is no winding card in the file a new one is made upand given to the 
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winder with the armature. This system, therefore, automatically grows 
and meets the majority of the winders’ needs at a decided saving in time 
and checking cost. In connection with this winding-card system, stock 
units of wire, insulation and other material needed for a particular job are 
made up and held in stock. For details of this procedure see Chap. VIII, 
page 72. poud ; 

Recording Data for Coils.—After making out the winding card (Fig. 9) 
before the armature is stripped, remove one complete coil and unwind it 
and count the number of turns. This can be done by lifting all the leads 
until the front of the coil is exposed and then cutting open the top of the 
slot insulation and locating the top lead. Then unwind the coil and 
count the number of turns. 

When the winding is not too old and brittle, a quicker way of finding 
the turns per coil is as follows: Find a top coil, that is a coil which is 
exposed across the rear end of the armature from slot to slot and cut it 
open at the rear end. Be sure to cut open only one complete coil. 
Then count the total number of wires in this bundle cut through and 
divide this by a number which is found as follows: Divide the total 
number of bars by the total number of slots and then multiply this by 
the number of wires in parallel per single coilh When the number of 
wires cut through is divided by the number thus found, it will give the 
number of turns per coil. This is a quicker method then rewinding a coil 
and when once understood can be applied to any winding. 

To determine the turns per single coil, first count the number of 
slots and bars. The number of single coils per slot will be equal to the 
total number of bars divided by the total number of slots. Then, to 
find the number of wires in parallel per single coil, lift all the wires to 
one commutator bar and count them. Do not count wires used as fillers 
or dummies. One-half the total number of active wires per bar will be 
the number of wires in parallel per single coil. 

Also measure the size of wire and take a note of the kind of insulation, 
whether the wire is enameled, single cotton-covered, double-cotton-cov- 
ered, etc. When coils must be purchased or made outside the repair 
shop, one complete coil should be saved and sent as a sample with the 
instructions for making the required number of new coils needed. 

Stripping the Armature.—The next step is to strip the old winding 
from the core. For small motors there are several methods that are 
used, some faster than others which is the main reason for adopting them. 
First, drive out the wedges with an old hack-saw blade and a hammer. 
The teeth will dig into the wedge and force it out. When paper wedges 
are used, the first turn of wire (top leads) can be pulled through the top 
of the slot from front to back with a pair of pliers and thus cut the paper 
wedge through the center. After removing the wedges cut the coils off 
at the rear end of the commutator with a heavy pair of shears or saw 
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them off with a hack saw close up to the ends of the slots of the iron core. 
The sides of the coils left in the slots can then be pulled through with a 
pair of pliers from the other end. When they stick and hang, a torch 
played around the iron of the slots will loosen them and make the pulling 
easier and quicker. 

In one large shop making a specialty of the rewinding of small motors, 
the coils are removed in the same way they are put on by a special power 
driven spindle with a slot in the end for winding up the wire. This device 
is shown in Fig. 25. 


Fic. 25.—This is a quick way to unwind 
a coil of many turns from the slots of an 
armature. 


The end of the coil, cut free from the commu- 
tator, is drawn into aslot in the end of the 
unwinding spindle. This spindle is driven by a 
belt and controlled by a foot-operated clutch. 
With the wire drawn into the slot, the clutch is 
closed_and the spindle rotates and unwinds the 
coil. The armature vibrates between the centers 
as the coil comes off. 


Fic. 26.—The operator is shown using a 
lathe to cut the connections back of the 
commutator. 


The tool used has a sharp V-shaped point. In 
case the coils are impregnated and baked hard, 
two additional cuts, one at each end of the core are 
made while the armature is in this lathe. When 
the two ends of the coils are cut off in this manner 
the remaining portions are driven out of the slots. 
Otherwise the coils are unwound by the special tool 
shown in Fig. 25. 


In Fig. 26 another method is shown which consists of putting the 
armatures in a small speed lathe and cutting off the leads just back of 
the commutator using a cut-off tool with a V-shaped point. If the wind- 
ing has been impregnated, two other cuts are made one at each end of the 
core. This removes all the end windings and just leaves the wires in the 
slots. These wires are then driven out by the use of a drift and hammer 
as shown in Fig. 27. 

When an armature has been insulated or dipped in 2 compound, such 
as liquid Bakelite, that makes the ends of the coils a solid mass, the 
whole armature can be immersed in a boiling solution of caustic soda and 
allowed to soak until the varnish and compound softens. The commuta- 
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| tor, if it can be saved, should be removed from the armature before it is 


put into the solution. The fiber end rings will be destroyed but these 
can be easily replaced. No harm will be done to the laminations if the 
armature is allowed to dry or is baked in an oven before being rewound. 
The armature should be stripped while it is hot. 


Fic. 27.—Driving out sections of impregnated coils from core slots. 


The coils are previously cut off at each end of the core. Drifts of suitable size are used to drive 
out the portion of the coils within the slots. The armature is mounted between centers for convenience. 


After the armature has been stripped of its coils, the old insulation 
and paint can be removed by applying a gas flame or torch. The slots 
should then be thoroughly cleaned with a file and all burrs removed 
from the edges of the iron. Finally, blow out each slot with a blast of 
compressed air. It may be necessary in some cases to brush the slots 
with a boiling solution of caustic soda to remove insulation that has 
baked on. Before the armature is rewound make sure that it is thor- 
oughly dry if a cleaning solution has been used on it. 


CHAPTER III 
INSULATING THE ARMATURE CORE 


The process of insulating a small armature core preparatory to rewind- 
ing it, is one of the most important steps in rewinding procedure. Partic- 
ular attention should be paid to the truing up of the core laminations, 
the selection of the proper insulating material and the method of apply- 
ing this material. When a little care is given to these three points a 
second rewinding job can often be prevented. 

Cleaning Slots and Truing Up Laminations.—After the old winding 
has been removed from the armature, the slots, ends of core and shaft 
must be thoroughly cleaned of all old insulation and varnish. A solu- 
tion composed of 25 per cent alcohol and 75 per cent benzol will loosen 
the varnish and old insulation so that it can be scraped from the slots 
easily. This will produce no bad effects on the laminations or on the 
winding when the armature is rewound. A hot solution of caustic soda 
can also be used to loosen old insulation but when caustic soda is used 
it is liable to creep between laminations and the alkali will damage the 
insulation of the new winding in spots. When caustic soda is used, 
therefore, the slots should be washed out and the armature baked in an 
oven. For methods of removing varnish and paint from an armature 
core, see Chap. I, page 23. 

For scraping the slots, a tool made from bar steel 1 by lg in., of 
suitable length and drawn down to a long thin point like a chisel, will be 
found useful in removing old insulation after it has been softened. Such 
a tool will also give good results without the use of any chemicals. After 
removing the insulation in this way, draw a file through the slots to 
remove small pieces of insulation and smooth off all roughness. The 
edges of the slots should be filed to remove sharp edges and burrs that 
would injure the insulation of the new winding when it is being placed 
in the slots. The entire core should finally be thoroughly cleaned with a 
blast of compressed air. 

The slots should be carefully inspected for rough or irregular spots 
due to the lamination teeth being bent, broken or burned. These defects 
can usually be remedied by the use of a steel drift and hammer. Then 
file the rough places with an ordinary file and make sure there are no 
sharp edges in the slots or at the ends of the core. When the laminations 
have flared or separated so that they cannot be driven together with a 


mallet, the core should be put in a hand press and forced together. 
24 
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The grooves for wedges and band wires must also be trued up Re 
that the wedges can be driven in properly and there will be no difficu ty 
in putting on the proper number of turns of banding wire. It is ee 
tant that the band grooves should not be filed any deeper than ae e 
original core unless the slots are filed an equal amount, for the winding 
would raise the banding wire at the : 2, 
slot opening in such cases so much that 
when the winding is thoroughly dried, 
the banding may come loose and slip 
out of the holding grooves. 

Building Up New Cores.—Many 
small armatures have skewed slots. 
The slot is skewed the width of one 
tooth in order to reduce the magnetic sag 
hum. The conductors on the arma- aa wa 
ture with this construction do not enter i 
the magnetic field with a jump but one 
tip of the slot wedges into the field and ; » 
the voltage in the coil tends to build up We se tudes ae 
gradually instead of with a rush. Pc, es shown in Fi. 29 will ive 

When assembling new cores Dro ee i dowel ate 
ceed as follows: After the shaft is 
turned to its proper size put on a fiber sleeve or tube about 1 in. long and 
hold it in place with a cotterpin. This will serve as & stop for the lamina- 
tions when they are slipped on the shaft, and will also serve to insulate 
the end winding from the shaft. To obtain uniform skewing as the 
laminations are slipped on the shaft a device in the form of a jig, such as 

shown in Fig. 28, isneeded. The jig shown has a con- 

eA cave block fitted with a key as illustrated in Fig. 29, 

which trues up the laminations as they are slipped on 
the shaft and gives the proper skew to the slot. As 
the core is built up, force the laminations into close 
contact by striking a couple of hard blows on a short 
piece of pipe slipped over the shaft. 

For the first and last laminations use fiber or 

Tic. 29.—Bloeck {Ullerboard punched to conform to the shape of the 

with skewed key for laminations. This serves as a protection for the 
ee, ne stown windings that cross the ends of the core. When 
up Pa inations with the laminations have been built up to the required 
skewed slots. height so as to provide slots of the proper length, 
slip a second fiber sleeve or tube over the shaft the same length as the 
first one put on. Then place the inverted U-shaped piece on the Jig, as 
shown in Fig. 28, and press down the top sleeve by means of the screw 
at the top of the U-shaped piece until the laminations are pressed tightly 


E — 
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together and a cotterpin can be inserted through a hole on the shaft 


This will hold the sleeve and laminations in their proper positions on 
the shaft. Finally file-the slots smooth and the core will then be ready 


for its winding 


Fie. 30.—Method of building up laminations of small armatures that have slots parallel 
to the shaft. 

The core laminations are put on in bundles of a fixed wei; 

shown is set up on a set of scales and enough Jaminations ar 

the weight on the scale. These bundles ar 

good plan to give the weight of old lamina: 


ght, then pressed and clamped. The jig 
e slipped over the dummy shaft to balance 
e then tied up as shown. When ordering laminations it is a 
tions in addition to the nameplate data on the motor. 
Insulating Ends of Old Core.—The next step is to insulate the ends 
or heads of the old core. This insulation is in the form of fiber washers 
slipped over the shaft and fitted up against 
the ends of the corelaminations. These wash- 
ers should be of such a size that they will rest 
against the bottom of the slot insulation. 
This will then take considerable strain off 
the corners and ends of the slot insulation 
and prevent the wires tearing through it and 
causing a ground. When the first layers of 
a coil wound in the slots by hand are drawn 
too tight or the entire coil is pounded with a 
ae Ree Jee mallet too hard over the end of the slot, 
troubles with grounds are started at this point 
by the wires cutting through the slot insulation when this insulation is 
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orted by a closely fitted end washer, End washers 
vad ton Fie about 14, in. thick. The proper method 
of holding the end washers up against the ends of the core, is 
described under ‘Building Up New Cores” on page 25. : a 

Insulating the Shaft——For shaft insulation some material that w ‘ 
allow the wires resting on it to slide easily, such as fish paper or treate : 
cloth (about 10 mils thick) should be used. Use about four ye 2 
this insulation and hold it together with shellac. The usual method o 
insulating shafts is to put on half-lapped 
layers of 34 in. treated cloth tape and one 
layer of friction tape on top of the 
treated cloth. When friction tape is used 
it should be well paraffined after being 
wound on to allow the wires of the coils 
to slide over it while winding the coils in 
the slots. Liquid glue should never be 
used in this connection. Dry or pot glue | 
is sometimes used but it is not recom- 
mended. Shellac is much better. 

The shaft at both ends of the core 
should be insulated as described. After 
the winding is completed and the com- || 
mutator is pressed on, fill the hollow 
between the end connections of the arm- 
ature and the commutator with layers of 
friction tape up to the level of the bottom 
of the commutator bars. This will pro- 
tect the end connections and form a bed a SE ge aig i pees 
for the armature leads so that when they Srace betweon the commutator and 
are soldered to the commutator and bound se ee ae Be bro 
down with twine there will be little chance ‘after the leads have been soldered in 
of vibration breaking them off at the ue they are bound down with 
points where they are connected to the “""* 
commutator. e 

Insulating the Slots.—Some form of tough, fibrous paper, commonly 
called fish paper or Leatheroid, can be used for insulating the slots. 
However, a better material is that known as combination insulation, 
which is made up with a 0.004-, 0.007-, 0.010-, or 0.015-1n. piece of fish 
paper as a base anda layer of 0.008- or 0.009-in. piece of tan treated 
cloth shellaced to the fish paper. This makes a flexible and tough slot 
insulation with good mechanical and electrical strength. The total 
thickness is about 0.012-, 0.015-, 0.020-, or 0.023-in. The 0.012- and 
0.015-in. thicknesses are used for small 110- to 220-volt armatures and 
the 0.023-in. for those using a large size of wire. 
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When using this material the fish paper should be used against the 
iron of the slot (Fig. 36) so as to take advantage of its good mechanical 
strength and use the full dielectric strength of the treated cloth next to 
the wires of the coil in the slot. ‘The laminations in sides and bottom of 
the slot are never perfectly smooth as one lamination may project 
beyond the next, only slightly. When the treated cloth is used next to 
the iron of the slot, and the wires are pounded down to get the wedges in, 
the side pressure of the wires against the slot insulation will force the 
treated cloth against the roughness of laminations. In some cases this 
pressure will be sufficient to cut through the cloth and thus weaken its 
dielectric strength. ‘The fish paper is mechanically stronger and will 
resist this cutting action of the laminations and protect the treated cloth 
so that the full dielectric strength is used in addition to that of the fish 
paper. 

For 110-volt armatures with round slots not over 3¢ in. in diameter 
with wire for coils not larger than No. 28 B. & S. gage, 0.007- or 0.010-in. 
slot insulation is ample. For 220-volt armatures use 0.010-in. slot insu- 
lation or thicker. For slots larger than 3¢ in. in diameter and wire as 
large or larger than No. 18, use slot insulation at least 0.016 in. thick 
and if possible 0.023 in. thick. It is better not to use two layers of slot 
insulation to increase the thickness but use a thicker paper. Thin paper 
tears more easily especially in large slots. 

Continuous Strip Insulation for Slots.—If the fibre heads or end 
washers have not been lost from the ends of the armature or damaged, 
the continuous-strip method of insulating the armature slots may be 
used, as shown in Fig. 32. Ifthe head, however, has been lost or dam- 
aged, certain precautions must be taken which will be explained later. 
When using the continuous-strip method, one long strip of insulating 
material is passed entirely around the outside of the armature slots and 
looped into each slot. After the wire has been wound in the slots, this 
insulation is cut between the slots and the free edges of the insulation 
tucked over the coil into the opposite sides of the slot in order to hold the 
coil in place. When the insulation is tucked over in this manner, the 
use of armature wedges over the tops of the coils is not necessary when 
the armature is to be dipped. But if the slots are full or the armature 
runs over 900 r.p.m., fibre or wood wedges should be used. 

An explanation of this method of insulating the slots is given in an 
instruction book of the P. E. Chapman Electrical Works, St. Louis, 
Missouri. The authors recommend that the insulation should be cut 
lengthwise of the grain from 0.010-in. fish paper. The strip of insulation 
should be }g in. wider than the length of the slot including the fibre end 
washers. ‘This means that the insulation should project 14 in. beyond 
the fibre end washers on each end of the armature. It should be long 
enough to pass entirely around the armature and loop into every slot. 
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When starting to insulate the first slot, a loop of the fish paper is pushed 
down into it, leaving about }4 in. of the shorter end sticking out of the 
slot. In order to hold the insulation tight while inserting it in the next 
slot, a pin is slipped into the end of the first slot just filling the slot and 
holding the insulation against the slot on all sides. When the pin is in 
place, pull the paper tight and loop the paper at the corners where it 
emerges from both sides of the slot with the drift stick, in order to crease 
it slightly along the edges of the slot. 

Allow a little slack over the tooth between the first and second slots. 
Then press the insulation into the second slot with a drift tool, the edges 
of which are rounded to prevent damaging the insulation. Before press- 
ing the insulation to the bottom of the slot, hold the long end of the strip 
against the back of the tool and press downward and angularly toward 


Bend the ends of the insulation over the 
corners OF the slots — 
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Fie. 32.—Continuous strip method of insu- Fie. 33.—After the strip of insulation 

lating slots using 0.010-in. fish paper. has been put into all the slots the insula- 
tion is bent over the ends of the slots as 
shown. This armature is shown with the 
fiber end washer in place. 


aN 


erases eS 
Wesker to insulate wires from core 


the slot that has just been insulated, so as to crease the insulation over 
the edge of the second slot. After forming this crease, release the long 
end of the insulation and press it down into the slot, when it will be found 
to curl around and fit the slot. ‘The drift tool is then removed and the 
second pin is inserted in this slot. Before creasing the insulation over 
the edge of the slot, twist the pin at the same time pulling on the long 
end of the paper so as to take the slack out of the paper over the previous 
teeth. Leave the first pin in place until the second slot has been insulated, 
then it may be removed and put in the second slot while the third is 
being insulated. Only two pins are required although three are some- 
times used. 

When use is made of the kind of insulating material mentioned in 
following these directions, it is not necessary to cement the insulation in 
the slots as in the case when treated fabric is used. It is, however, 
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desirable to stick the first and last ends together with thick shellac or 
some other sticking compound. Never use liquid glue. Most liquid 
glues contain a small portion of acid which willin the course of time corrode 
the wire after the glue comes in contact with it. Dry or “pot” glue 
may be used as a rule but it is not recommended as it does not stick to 
the fish paper well. 

While electrically 0.005- to 0.007-in. thickness is sufficient slot insu- 
lation, for mechanical reasons it is not advisable to use less than 0.008- 
to 0.010-in. thickness to insure against grounds to the core. In some 
repair shops a layer of 0.009-in. treated cloth and a layer of 0.004-in. 
fish paper is used. Both layers are put in the slot at the same time. 
The fish paper is placed inside against the coil and the treated cloth out 
side against the iron. The reason for placing the fish paper outside 
instead of against the iron is that when winding the wire will slide more 
easily over fish paper than it will over sticky treated cloth. Where 
maximum dielectric strength is desired, however, the fish paper should 
be placed next to the iron for the reasons given on page 28. Where it is 
desired to use additional insulation between coils in the same slot, a 
strip of 0.010-in. fish paper may be cut to match the width of the slot 
and driven down on the top of each coil in a manner to compress the 
coil into the slot. 

Armatures from which the fiber heads or end washers have been lost, 
either wholly or in part, may be rewound without making a new head if 
the right method is followed. An insulating washer must be put on in 
place of the head as already described. After putting on this head insu- 
lation, if the slot openings are not too narrow, the previous method of 
insulating the slots by means of a long strip may be followed by using two 
thicknesses of insulating material (or one piece of double thickness). 
If the slot openings are very narrow, the following method can be used: 
Use a thick insulation (see Fig. 35) of 0.016-in. fish paper or common 
vulcanized fibre }é4 in. thick and cut two strips J¢ in. longer than the 
slot including the end insulation and just wide enough to entirely fill 
the slot. In order to determine what this width must be, one piece of 
insulation should be inserted in the slot around the pin or mandrel and 
marked along the edges of the slot with a knife. Then take out the strip 
and cut the sides. This can be used as a sample to cut other strips. 
Strips should be cut so that the grain of the paper runs around the slots, 
or the grain runs parallel to the width of the slot wrapper. This is done 
in order to resist tearing. Whena strip is put into a slot the ends should 
be flared open against the end of the slot to form a round shoulder for 
the wires to rest upon. It is sometimes necessary to stick the insulation 
in the slots, but often the slots are of such shape that this is unnecessary. 
In winding an armature when the head has been reinsulated in this 
manner, too much tension must not be put upon the wire while winding 
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or it will cut through the insulation and cause grounds to the core. When 
using insulation of this kind, it is necessary to close the slots with wedges. 

Slot Wedges.—These wedges can be made from }42- or }(¢-in. fiber 
or wood, or 0.015- to 0.023-in. fish paper. When the slots are well 
filed and the wedges cannot be driven in from the ends, a 0.023-in. 
fish paper wedge cut just a trifle wider than the slot opening can be used 
and pressed in the slot from the top. To do this put one edge of the 
wedge under one overhanging edge of the slot and drive the other side 
of the wedge down under the opposite edge of the slot with a narrow 
width steel drift and hammer. An old hacksaw blade with teeth ground 
off can be used for this purpose. This also applies to open slot armatures. 
The wedge makes a driving fit and after the armature has been dipped in 
varnish, these wedges will hold as well as one driven in from the end. 

Kind of Wire and Its Insulation for Small Motors.—Single-cotton 
and enamel-covered or double-cotton covered wires are the best for 
winding small armatures, especially when the size of wire is small, say 
No. 28 or 30 and finer. This wire will stand a reasonable amount of 
heat and give good service. Wires with a single insulation of silk or 
cotton over a bare wire are suitable only for magnet and field coils, and 
even then the insulation is not enough when the wire is No. 12 and coarser. 
Silk-covered wire is delicate and stands the least heat, burns out quickest 
by slow roasting and is most expensive. However, silk covered wire is 
very useful when a large number of turns are required of fine sizes, and 
when cotton will make an excessive volume in the slot. A good grade 
of enamel wire is preferable to single and double silk-covered wire in 
the finer sizes. Hither silk or silk-enamel insulation should by all means 
be used for armature work on wire sizes coarser than above No. 27 or 
28 B. & S. gage. Above this size this kind of insulation must be carefully 
insulated between coils and sometimes between layers, and if the arma- 
ture is small such wire will frequently take up more room in the slots 
than cotton enamel or even double-cotton covered wire when the latter 
is wound on a good winding machine. 

Enameled wire, in general, may be considered as equivalent in over-all 
Size to single-cotton covered wire. Good enameled wire takes the least 
room, stands a reasonable amount of handling, a good deal of heat (about 
280°F .) continuously, and 80 degrees more for a short time. It is useful 
in small sizes and fills the other places where single covered wires cannot 
be used. Enameled wires must not be soluble in any of the ordinary 
Solvents such as turpentine, naphtha, gasoline, benzine, linseed oil or its 
Substitutes, machine oils or alcohol. Especially must this be true when 
Using it on armatures. Enameled wire must be of such a grade that it 
will stand bending without cracking, be tough and hard to scrape off. 
It should seldom be used for armature windings without another covering, 
either of silk or cotton. The dependable grades are, however, sometimes 
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used in winding small armatures for vacuum cleaners, fans, and small 
universal motors, without extra covering. 

Good grades of asbestos covered wire stand the most heat. Some 
manufacturers claim a very high heat even to redness. Although the 


Fig. 34.—This is the way an armature core looks when strip insulation is used and inserted 
into the slots. 


This type of insulation is applied in a long strip about 34 in. wider than the core. The strip is 
pushed down into each slot and creased over the tops of the teeth. After the coils are all in place the 
insulation is cut along the top of the teeth and folded down over the coils. Slot sticks or wedges are then 
inserted over the folded-down insulation. 


insulation is slightly thicker, it can be used where a double-cotton covered 
wire can be used. Asbestos wire will not stand much handling, such as 


pounding or rubbing, and when used should be wound in layers, if 
possible, with the least tension and pounding possible. 


Fic. 35.—For slots with small openings separate pieces of insulation are used in each slot. 


Slot insulation of this type is cut about }4 in. longer than the armature slot and wide enough to allow 
the two edges to extend from }4 to 34 in. out of theslot. As a rule the insulating material is put into the 
slots as the coils are started. Thus there would be only two slots insulated when the first coil is being 
wound, and the last slot would not be insulated until just before a coil is started in it, 


Armatures that are subjected to high heat, such as head light gen- 
erators on locomotives or motors near ovens, etc., can be wound with 


asbestos wire. The slots can be milled out if extra room is required. 
This additional expense is justified by the longer life of the armature 
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when a high heat job is put out. A hard (tin) solder should be used to 
fasten the leads into the commutator necks. This precaution is necessary 
as the ordinary half-and-half solder will run and cause a poor contact at 
the commutator or allow the wires to fly up out of the necks. This is 
also true in automobile lighting generators which also at times operate 
at high heat. 

When milling out the commutator necks, use a cutter about 0.002 
to 0.004 in. thinner than the wire. This will insure a good contact and a 


Fish Paper Wedge 


Fic. 36.—Slot insulated with fishpaper so shaped as to cover all the iron inside the slot 
but leaving the slot opening unobstructed. Inside this is placed another cell of waxed 
empire cloth, the edges of which project beyond the edge of the slot and serve to guide 
and protect the wires during winding. 


driving fit and often prevent trouble when there is a tendency for the 
Wires to fly out under high heat for a short time only. 

The following table shows the average run of coverings used on wire 
in winding small armatures. 


Insunation THat SHoutp Br Usep on Dirrerent Sizes or WIRES 


Size of wire B. & S. gage 


No No. of coverings Kind of covering 
Beeind finer............... Double-covered Enamel 
0 1 Double-covered Double cotton or cotton and 
enamel 
12 and coarser............. Double-covered Two cotton or one enamel and 


triple cotton. 


ee 


In Fig. 34 the use of strip insulation is shown. Note the insulation 
around the shaft and the fiber washer or head. When an armature is 
msulated, as shown in Fig. 35, the projecting part of the cell should be 
flared open by running the finger between the two sides of the cell and 
Pressing against each side of the slot. This keeps the cell open and allows 
the wire to runin. It is a good plan to cut away one corner of the slot 
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insulation at the entering end of the slot. Then when the wire is brought 
around, it can be pressed against the uncut side which will open the cell. 

Figure 36 shows a good method of slot insulation. For 220-volt 
armatures or those larger than 14-hp., a 0.015-in. combination slot insu- 
lation should be used fitted to the curvature of the slot and each side of 
the slot opening. A treated cloth slider can be used for each half of the 
coil in the slot so that no “willie” or separator is necessary. A fish- 


Insulation cut to flare 
out over head insulation 


First turn of first 
coil is In place~_ 


er 
Shaft insulation, ~~. Se 


/ 
Sleeve put on end 
of wire 


Fie. 37.—The start when winding on the first coils. The shaft insulation is shown in place 
and also the end or head insulation. 


paper wedge can be driven or forced in. Figure 37 shows an armature 
insulated with combination slot insulation with the treated cloth slider 
in place: 

On armatures where the wire fills the slot and makes it hard to drive 
in wedges, a thin fish-paper can be forced in and each slot well painted 
with liquid Bakelite, which when baked will make a hard retaining wall 
that will prevent the wires from coming out of the slots. 


CHAPTER IV 
THE LOOP WINDING 


A type of hand winding for small armatures that is much used is 
known as the loop winding. It is mostly used on fans, vacuum cleaner 
armatures, and armatures of small drills and grinders. This winding is 
distinguished from others by the fact that only one complete coil end is 
visible on either end of the shaft when the armature is completely wound. 
This coil is the last one put on as shown in Fig. 38. 

Advantages and Disadvantages of a Loop Winding.—The advantages 
of this type of winding are that it is quickly applied and connected when 


Entire end of 
last coil p 


Fic. 38.—Armature wound with a straight loop winding. The commutator is on the other 
end. Details for this winding are shown in Fig. 40. 


correctly wound and is the best type of winding to use with an 
armature winding machine, such as shown in Fig. 39. It has also dis- 
advantages in that all the coils are not alike. That is, the first coil is 
smaller than the last and where there is more than one coil per slot, 
the resistance of the last coil is greater than that of the first coil, hence 
the resistance of each coil is different. Also when the turns per coil are 
great in number or the size of wire is large, the coil ends pile up so that 
It is hard and sometimes impossible to wind the coils in properly. A 
Joop winding is not equally balanced, therefore, due to the unequal sizes 
of coils. 

_ Starting a Loop Winding.—Figure 40 shows how the coils are wound 
In place for a loop winding. The wire is started in slot No. 1 and is run 
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through slot No. 6, (the pitch being 1 and 6) until the required number of 
turns is put on; then the wire is brought around to the starting point, 
and a loop made in the wire at F148? (Fig. 40). This loop is left long 
enough to reach the commutator and fit in the commutator slot. The 
wire is not cut but is continued into slots two and seven, etc., in the same 
manner until the end of the last coil is reached. Then the wire is cut 
and the free end of the start of coil No. 1 is twisted together with the 
finish of coil 12 or the last coil put on. 


Fig. 39.—Motor operated armature winding machine suitable for winding armatures 
having coils with a large number of turns. 


An assortment of holding clamps to fit various sizes of armatures adapts this machine to a large 
variety of work. The machine is particularly suitable for armatures having coils with a large number 
of turns. In this illustration the operator has stopped the machine with a coil half wound. The turn- 
counting device may be seen just above the operator’s left hand. The driving motor is controlled by 
the foot lever. The hand wheel serves as a brake and is useful in making the Iast one or two turns. 


Left-hand and Right-hand Loop Windings.—In Fig. 40B and D, 
the difference is shown between winding left hand or right hand. A 
right-hand winding is shown in D, Fig.40. With the commutator towards 
the winder, the leads are on the right-hand side and the coil is wound 
inside the shaft. The next coils are wound in the adjacent slots counter- 
clockwise. For the left-hand winding B in Fig. 40, with the commutator 
end towards the winder, the leads are on the left-hand side and the coil 
is wound outside the shaft in a backward direction from the way a man 
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Left-hand Loop Winding 


Fig. 40.—Steps in winding the coils of a loop winding by hand. 


A—Shows a two-pole lap, hand-wound, left-hand chorded loop winding, for 12 slots, 12 bars and a pitch of 1 and 6. The leads can be 


ew] 
J 


put 
g lead 


D is a right-hand loop 


So is the startin 


l, F) is the finishing lead of coil 1. 
ps in winding the armature shown at A. 


down in one layer and without cutting the loops. _ 81 is the starting lead of coil 1. 
This is the same motor as shown in Fig. 38. 8 and C are ste 


winding of same kind as A, B and C. 


of coil 2, ete, 
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would naturally wind with his right hand; that is, toward the winder on 
the top. The next coil is wound in the adjacent slot clockwise. 

A lap-wound armature can be wound right or left hand or on either 
side of the shaft without affecting the direction of rotation of the motor or 
changing the brush polarity in a generator. The term “chorded” 
means that the coils are not full pitch, which would be 1 and 7 for the 
armature shown. ‘The term “loop” is used to denote that the wire is 


pe 


A loop has been made---\\/ 
and covered with sleeving 
before starting the second 

Y ae coll 


Wire starting in 
es second slot 


i 


Fie. 41.—This illustration shows the first coil of a loop winding wound in its slots and 
the start of the second coil with a loop formed at the end of the first coil and the start 
of the second one. 


not cut at the start and finish of each coil. The winding in Fig. 38 is a 
left-hand, chorded-loop winding. 

Figure 41 shows the start of the first two coils of aloop winding. ‘The 
start of the first coil is bent out of the way into the adjacent slot to the 
left of the starting slot. The loop is shown at the finish of the first coil 
and the start of the second. In the photo, the third turn of the second 
coil is ready to be put in, but the starting wire can be seen leaving the 
bottom of the sleeving to the slot at the right. 


ey 
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Loop Winding with More than One Coil per Slot-—The winding 
shown in A (Fig. 40) has as many bars as slots, but such a winding can 
be used for any number of bars. For instance, assume a 12-slot armature 
with 36 commutator bars and coils having 20 turns per coil. This 
armature would be wound by starting in slot No. 1, as per A (Fig. 40), 
winding on 20 turns, making a loop and continuing in the same slot. 
After 20 turns more are put on, a second loop is made and the 
next 20 turns put in the same slot. After a third loop the wire is passed 
to slot No. 2 and the process repeated. In this way every slot would 


Fie, 42.—Winder'’s bench showing convenient mounting of wire reels and rotating holder 
in which armature is centered. 

A 110-volt testing circuit with a lamp in series is provided at this winding bench. When the winder 

frequently tests his work for grounds he has some assurance that the job is in good condition when 


te. Each armature should be given a final test by an inspector who passes on the quality of the 
work. 


have three loops projecting. When this type of winding is used, colored 
sleeving should be put on the loops; that is, white on first loop, blue on 
second, and red or none at all on the third. If this is not done there is 
likely to be trouble when connecting the winding to the commutator. 

Loop Winding with More than One Wire in Hand.—The above 
method uses only one reel of wire when winding, or one wire in hand and 
is suitable for winding machines, but where there are two, three or more 


times as many commutator bars as slots and the armature is wound by - 


hand at a bench, as in Fig. 42, three or more reels of wire are used and 
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mounted as shown. ‘The coils are wound in place as shown in Fig. 40 
except that more than one wire is used at one time depending upon the 
number of times the commutator bars exceed the number of slots. In 
this case, the wire is cut at the end of each coil and brought around to 
the starting lead of the same coil. With this style of loop winding a 
different colored sleeving should be put on the starting and finishing 
leads to distinguish the start from the finish, but all the starting or all 
the finishing leads of each coil can have the same color of sleeve. 

In any loop winding, each slot should have a starting and finishing 
lead and the winder should be able to distinguish one from the other. 

When starting to wind the last two coils in place, a piece of twine 
should be put under the next to the last coil on the rearend. Then, when 
the last turn of the finish coil is in place, this string should be tied to pre- 
vent the turns of the last or top coil from flaring out. 

Testing Straight Loop Winding for Grounds.—With the straight 
loop (one wire in hand) winding, one lead of a, test light can be connected 
to the starting coil lead and the other lead of the test ight to the armature 
shaft in such a manner that both leads can revolve with the armature 
while being wound. This will show a ground as soon as it occurs, and 
eliminate the necessity of unwinding to remove a ground. 


CHAPTER V 
SPECIAL CHORDED SPLIT-PITCH LOOP WINDING 


Many small, two-poled motors having an armature with a large 
number of slots and small end room are wound with a special chorded, 
split-pitch winding. This winding can be used with any number of 
slots where there are two or four times as many bars as slots. A feature 
of this winding is that two coils are wound in three slots on the same 
side of the shaft, the two coils each having a different pitch as shown in 
Fig. 43. 


Fic. 43.—-End of chorded split-pitch loop winding showing two coils wound in three slots 
which is the feature of this winding. 


Example Showing Advantage of This Winding.—The advantages of 
the special chorded, split-pitch loop winding can be illustrated in the case 
of a 5-hp., 1,100-r.p.m., two-pole motor having an armature 10 in. in 
diameter with 24 slots and 48 commutator bars. If this armature is 
wound full pitch, 1 and 18, the winding would pile up on the ends of the 
armature and take up too much space. This would be caused by the 
end turns having to cross the maximum number of coils and also bend 
around the shaft, since slots 1 and 13 are on diametrically opposite sides 
of the shaft. 

By the use of the special chorded, split-pitch loop winding, the coil 
Pitch is reduced to 80 per cent of the full pitch which eliminates some of 
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the coil crossings and prevents the coil ends from bending around the 
shaft. On this armature, the full pitch equals 12. Then 80 per cent 
of the full pitch would be 0.80 X 12 or 9.6. This is equivalent to using 
slots 1 and 10.6. But since 0.6 of a slot cannot be obtained, the split- 
pitch winding makes it possible to wind one coil with a pitch of 10, in 
slots 1 and 11 and to wind the next coil with a pitch 9, in slots 1 and 10, 
and soon. ‘This gives an average pitch of 9.5 which approximates the 
desired pitch of 9.6. This particular winding has odd turns; that is, 
one coil has seven turns and the second has eight turns. The long 
pitch (1 and 11) coil has eight turns while the short pitch one (1 and 10) 
has seven turns. 

Armature Wound with One Wire in Hand.—This type of winding 
must be wound with one wire in hand, regardless of the number of times 


Laminated Core 


Commutator 


Fic. 44.—Side view of the beginning of a split-pitch, loop winding. 


S1 is the start and F1 is the finish of the first coil. This coil consists of eight turns wound in slots 1 
and 11, as indicated by the arrows. At the finish of the first coil a loop is made long enough to reach 
the proper commutator bar and at the end of this loop, the second coil is started at S2in slot 10. The 
second coil is wound in slots 1 and 10 as indicated by the arrows. An end view of the first four coils 
is shown in Fig. 45. 


the number of commutator bars exceeds the number of slots. In wind- 
ing the armature, it should be placed with the commutator on the left- 
hand side of the winder, as shown in Fig. 44. In this diagram the start 
of the winding is shown at S;. 

The winding can be started from any slot and the slot from which it is 
started is called slot 1. The S, lead is left long enough to reach to the 
proper commutator bar, and a white sleeve is put around the lead. The 
wire is bent down from the front or commutator end of slot 1 and carried 
across to slot 11, through slot 11 and up the back of the armature to 
slot 1, and through slot 1 as shown by the arrows in Fig. 44. Eight 
turns are wound in slots 1 and 11. F, is the finishing end of the first 
coil. A loop is then made of the finishing end, F1, of the first coil and the 
starting end, S2, of the second coil. This loop should be long enough to 
reach to the proper commutator segment and a red sleeve put on it. 
The starting end, S2, of the second coil is carried down the front of the 
armature to slot 10, through slot 10, up the back of the armature to 
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hrough slot 1, as indicated by the arrows in Fig. 44. Seven 
ee ae in the aval coil. Figure 45 shows the front end of the 
armature with the first four coils wound in. In this figure Si, : 1, ete., 
refer to the starting and finishing ends of the respective coils, the ne 
as in Fig. 44. The small circles in the slots represent the different oe s 
and the number in the circles indicates the coil number and the order 
in which the coil is wound. The commutator loops made up of the start- 
ing and finishing coil ends, F, Se, Ss, etc., are also shown in the diagram. 


Ist corl; 
8 furns 


2nd coil” 
7 turns 


eA H7 coll, 
7 turns 


Fia. 45.—End view of the winding shown in Fig. 44. 
The coil starts at S: and consists of eight turns wound in slots 1 and 11, as shown by the bunch of 


Bs hich ints be connected to'the proper commutator bat ‘Aved sleeves put ger thio 
Blo ne fone oh fo The Ec ma a sa ate fl 
wound in slots 2 and 12. 

At this stage of the winding, slot 1 will contain two halves of a, coil, 
slot 10 one-half, and slot 11 the other half. With the end F, of coil 2 and 
the start Sz, of coil 3, a loop is made on which is put a white sleeve. Coil 
3 is wound by running the wire from the loop across the front of the 
armature to slot 12, through slot 12 and up the back of the armature to 
slot 2 and through slot 2. Eight turns are wound in this coil through 
slots 2 and 12. At the finish F’; of coil 3 a loop is made and a red sleeve 
is put on it. The fourth coil is wound with seven turns in a manner 
similar to the previous coils, in slots 2 and 11. There are now four coils 
in five slots, as is shown in Fig. 45. 

Colored Sleeves Used to Mark Commutator Loops.—The above 


procedure is followed through until the forty-eight coils are in place, 
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remembering to use eight and seven turns alternately and putting white 
and red sleeves on alternate loops. Figure 46 shows the first twenty- 
four coils in place. Notice that coil 20 starts the upper layer of coils 
in slot 10. In Fig. 46 the numbering system is the same as in preceding 
diagrams. Figure 47 shows all the coils laid in the slots and also shows 


S$} FUS2 F2js3 a Loops to commutator segments 
Slot F4/s5 S Start of coil 6 
if 


i 
be. ; 
mr \ I \7 56. -Finishof coil 6 
73° Xia) 


S24\F23- 


Fia. 46.—This diagram shows the armature with the first half of the coils in place. 


Note that the top layer of coils begins in slot 10 with coil 20. The upper layer coils in each slot are 
indicated by black circles with white letters. The letters S and F indicate the starting and finishing 
leads of each coil. The numbers in the circles indicate the coil number and the order in which the 


coil is wound on. 

all the loops to the commutator; & and W, indicating red and white 
sleeves, are marked beside the first few loops to indicate the sequence of 
the sleeves. The last two coils are drawn complete so as to show how 
they are wound in. ‘The end, F4g of coil 48 is connected to the start S, 
of coil 1 to make the final Joop. In this and the preceding diagram, the 


black circles with white numbers indicate the coils wound in the upper 
layer of the slots. 
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Method of Connecting Loops to Commutator—In A of Fig. 48 is 
shown the commutator connections. The brushes are on the center 
line of the neutral region as shown in diagram B of Fig. 48. Hence the 
Jeads are given a forward lead to compensate for the chorded pitch. 
As will be seen from diagram A, the loop made up of S2 and F, is con- 


Firnsh of — F48 
Winding ----- > St -Start of winding 


Ww 
48 
aS ae 


Next to last corls 


8 turns Last coil, 


7 furns 


Fig. 47.—All of the coils have been wound in the slots, in this diagram. 


i indi Fg and S; are joined together 
i been drawn in to show how the winding ends. ed | 
est ness PBariccted to the last commutator bar. The letters R and W indicate the 
Color of sleeving used for each loop. 


hected three bars ahead of the bar in line with slot 1 in which are the 
top halves of coils 1 and 2. The other loops are connected in a corre- 
Sponding manner. When connecting the loops to the commutator, 
first connect a white sleeve, followed by a red sleeve, and follow alter- 
Nately with a white and a red sleeve until all are connected. Or the 
loops can be connected in two layers. First connect all the white 
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sleeved loops leaving a bar between each loop. Then put a band of 
tape over these loops, after which the red-sleeved loops may be connected 
in order to the remaining bars. 

The most important precaution when connecting this type of wind- 
ing is to get the lead throw correct, as connecting it one or two bars off 


7 
Center lire 
of stot! >| 
L 
Slot it 


Center line 
of neutral 
FOG ION ~ 4, 


-F2 


Commutator segments 


Fie. 48.—The connections of the loops to the commutator are shown in these two diagrams 


In A, it will be seen that the loop connections to the commutator are given orward leas 
’ pay a fi dlead. This is 
to compensate for the chorded pitch. In B, coil 2 is shown in po on for comm On. The 
’ in position for c utation. e line XX 


will considerably shorten the life of the winding. This is due to the fact 
that when the leads do not have the right throw, one part of the coil will 


be in an active field, which will generate a current opposing commuta- 
tion. This will cause the coils to heat and in time roast the winding. 


CHAPTER VI 
CHORDED SPLIT-LOOP WINDING 


A chorded split-loop winding is distinguished by the fact that the 
last coils wound on the armature are visible on each side of the shaft 
and are parallel to each other as shown in Fig. 49. The bottom illus- 
tration shows a complete winding with the insulation under the ends of 
each of the coils. 

Advantages of the Chorded Split-loop Winding.—Some of the good 
points of this winding are that it distributes the winding across the ends 
more evenly which gives a better balance, than in the straight loop wind- 
ing. ‘The coils are wound parallel across the end, one on each side of the 
shaft, and both are practically the same length. This tends to give a 
better mechanical balance. The resistance of the coils is more uniform 
as there are only six different sizes of coils for the armature which is 
described, while the loop winding would have twelve coils for the same 
number of slots and bars. The chorded split winding takes up less end 
room than a straight loop winding, especially with large sizes of wire and 
numerous turns. When there is more than one bar to each slot, this 
type of winding will save time as the coils can all be wound at once by 
using as many wires in hand as there are coils per slot cell. 

The chorded split winding, however, has its disadvantages, among 
which are the twist of the armature back and forth, when starting new 
coils, the constant testing to insure against mistakes and having to cut 
the wire at the end of each coil. This winding is also a little harder to 
connect than the straight loop winding. 

Steps When Winding a Chorded Split-loop Winding.—In the illus- 
trations A to G of Fig. 50, the different steps that are taken in putting on 
this type of winding are shown, while in H of Fig. 50 the diagram for the 
complete winding is shown. Diagram H (Fig. 50) shows the slot each 
coil is started and finished in for an armature that has 12 slots and is 
wound with a pitch of 1 and 6. The first coil is started as shown in A 
of Fig. 50, by passing the wire through slot 1 then around the back of 
the armature and through slot 6 then back to slot 1. After the required 
number of turns has been put on, the wire is cut off on the commutator 
side of the armature, and a red sleeve is put on the finishing lead while a 
white sleeve is put on the starting lead. These sleeves can be put on 
the winding before winding the coils. A red sleeve is put on first then a 
white one, then a red, then a white, etc. Enough sleeves for about four 
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The finishing lead comes out of 


12 in the same manner as the first coil. 
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slot 12, after which the wire is cut off and a red sleeve is put on it with a 
white sleeve on the starting lead. 
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11 il 3 11 1 as ll} 21 11} 23 11 25 11] 27 11 
12 4) 10 2; 10 22| 10 24 «10 26 10 28) 10 12 
13 13) 5 13) 3 13) 23 Le 13] 25 13 27 13) 29 13 
4 6 «12 4) 12 2) 12 26) 12 28 12 30] 12 14 
15 15 5 15) 3 15 1 15 29 1] 31 15 
16 6) «14 4, 14 2] 14 30 4 32) «14 16 
17 17 7 17, 5 17 3 17 1 Eu 17} 33) 17 
18 8] 16 6] «16 4 616 2 16 344 16 18 
19 19 7 19 5 19 3 19 1 19 
20 8 18 6| 18 4 18 2) 18) 20 
21 21 9 21 7 21 5 21 3] 21 
22 lol 20 8} 20 6 20 4) 20 22 
23 23) 9 23 7 23) 5] 23 
24 10} 22 8 22 6] 22) 24 
25 25] 11 25 9 25) 7 25 
26 1a] 24] 10] 24 | 24] 26 
27 27 11 27 9) 27 
28 «+ Indicates that half of winding ends are on one side of shaft, 12 26 10] 26) 28 
29 * Top line gives the coil pitch with 1 and 4 count throughout, 29) 18 29) 11) 29 
30 14 28 12] 28 30 
81 31} 13] 31 
32 14, 30) 32 
33 33] 15] = 33 
a 16} 32 34 
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Special care must be taken to start coil 3 in the correct slot. To 
find this slot start at the finishing lead of coil 2, moving toward the 
right, as shown in D of Fig. 50. Skip two slots and start the third coil 
in the third slot which is slot 3. In other words, counting the slot where 
the finishing lead of coils 2 comes out as the first slot or number one, 
count over toward the right three slots and the start of coil 3 will be in 
slot 4 or 1 and 4 to the right. 
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When putting on the first turn of this coil place a strip of treated cloth 
insulation both at the back and at the front of the armature beneath the 
turn covering the other coils. This insulation is always necessary with 
110- or 220-volt motors and should be used even with 30-volt motors where 
there is room enough. After starting the third coil in this manner, wind 
it as you did the other coils. The finishing leads will come out of slot 8. 
Then rotate the armature 180 deg. again and start coil 4 in slot 9, passing 
through slot 2, out of which the finishing lead will come. Put insulation 
under this coil as you did under coil 3, and do likewise under all other 
coils which are put on. The next coil, or number 5, is then started in 
the third slot to the right from the finishing lead of slot 4, as was done in 
the proceeding case. This slot, as you will see, is slot 5. The coil 
passes through this slot and slot 10 out of which its finishing lead extends, 
as seen in F of Fig. 50. ‘Then the armature is rotated 180 deg., as was 
done before, and coil 6 is started in slot 11 shown in F of Fig. 50. This 
completes the bottom layer of coils. 

It will be noticed, that taking the leads in rotation around the arma- 
ture, the first one is the starting lead, the second one the finishing lead, the 
next a starting lead, etc., in regular order. It is a rule of all hand wind- 
ings that each slot should contain a starting and finishing lead therefore, 
the armature shown in Fig. 50 has half a coil in each slot and one lead 
from each slot. 

In G of Fig. 50 is shown the first coil of the top layer in place. To 
find the slot in which this coil should be started begin with the finishing 
lead of the last coil in the bottom layer, skip one slot to the right, and 
in the second slot start the coil. This will mean that the first coil in 
the top layer will start in the same slot which holds the finishing lead of 
the first coil in the bottom layer or slot number 6. You will notice that 
in this case, instead of skipping two slots to the right only one slot is 
skipped. After the first coil of the top layer is in place the next is easy, 
as the same scheme is followed that you used with the bottom layers. 
The diagram in H of Fig. 50 shows all the layers in place. It also shows 
just how the layers were put on, and where they were started and finished. 

The last two coils put on should be tied together by means of a stout 
cord as in Fig. 49 (bottom) in order to keep the wires from flying outward 
When the motor is running. ‘This cord is laid on the ends of the coils 
already wound, before the last two coils are started. 

Method of Putting on Chorded Split Winding When Number of Slots 
is Not Divisible by Four.—If the number of slots is not divisible by four, 
the method of starting the top layer of a split winding is slightly different 
from that already described. Taking a 14-slot armature, as shown in Fig. 
51 at A, after six coils have been put in place, there will be one empty slot 
on each side of the armature. To start the seventh coil, skip two slots 
clockwise and start in slot 7. In other words, the 1 and 4 count is 
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followed throughout the entire winding process. ‘This is different from 
the method used when the total number of slots was divisible by four, as 
in such a case, instead of skipping two coils to the right, only one slot 
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Fie. 51.—Details for winding a chorded-split winding when the number of slots is not 
divisible by four. 

When the number of slots is not divisible by four, there will be one slot left on each side of th 
armature, as slots 6 and 13 shown at A, after all the bottom layer coils are in place. ‘Then ie ESE Foil 
is put on as shown at B, skipping two slots to the right from the finish of the last bottom coil, F5. ‘This 
puts the start of the next coil, S, in slot 7 on top of coil 1, while the finish of coil 7 is an empty slot, 
No. 18. After starting this coil the rest is easy, as the other coils are put on in the same order as the 
bottom-layer coils. A chorded-split winding cannot be used if the number of slots is odd. 


would have been skipped. The dotted lines in B of Fig. 51 show the 
next two coils in place. It will be noticed that the starting lead of each 
coil, is put in a slot which already contains one coil, thus filling the slot. 


CHORDED SPLIT-LOOP WINDING 53 


In C of Fig. 51 are shown the starting and finishing leads of all coils in 
place. ‘These coils are put on in the same order as the coils in the bottom 


layer. 


Winvine Cuart ror Cxorprep Spiit-Loor WINDING wiTH 12, 16, 20, 24, 28, 32 ann 


36 SLots 
12 slots 16 slots 20 slots 24 slots 28 slots 32 slots 36 slots 
Coil No. Start ore Staré oe Start an Start we Start ae Start eee Sta t ee 
a in m0 in x in in oe in a in Ge in 

ae slot ie slot ae slot a: lot gee slot kd slot bist slot 

TN " | No. No. lo. " | No. "1 No. No. 
#1 1& 6 Vé& dl 1) & 10 1) & 12 1) & 14 ly & 16 1| & 18 
2 7 12 9 16 ll} 20 13) = 24 15} 28 17 32) 19} 36 
3 3 8 3 10 3 12 3 14 3 16, 3 18 3} 20 
4 9 2 11 2 13 2 15 2 17 oy 19 2 21 2 
5 5 10 5 12 5 14 5 16 5 18 5} 20) 5{ 8622 
6 bs 11 4 13 4 15 4 17 4 19 4 21 4 23) 4 
7 6 il 7 14 vi 16 7 18 Z| 20) 7 (22 7 24 
8 12 5 es 15 6 17 6 19 6 21 6 23 6 25 6 
9 8 1 8) 15 9) 18 9} 20 §| 22) 9} = 24 9} 26 
10 2 7 16 7 Es 19 8) 21 8] 23) 8 25 8 27 8 
il 10 3 10) 1 10 19 li] 22 li] 24 11 26) Ill} 28 
12 4 9 2 9 20) 9 23 10 25; 10 27 10 29| 10 
13 12 3 12 1 12) 23) 13] 26 13] 28) 13} +30 
14 4 11 2 aa 24 Il ss 27 12 29 12 31 12 
15 14 5 14 3 14 1 14, 27 15) 30) 15] 32 
16 6 13 4 13 2 15 28) 13 ee 31 14 33) 14 
17 16) § 16) 3 16) 1 16] «31 Vi] 34 
18 (i) i cs) 4 15 2 15 32) 15) Ba 35 16 
19 18) 7 18 5 18) 3 18 q 18} 35 
20 Gl ik 6] 17 4, 15 2 «7 36] «17 
21 20 7 20) 5 20) 3 20) 1 
22 §) = 19 6 19 4 19 2] 19 
23 22) 9 22) 7 22) 5 22, 3 
24 10| 21 8} 21 6) «21 4) 21 
25 24 9 24 7 24) 5 
26 10} 23) 8) 23) 6) 23 
Pa 26 1] fecl oll foe 7 
28 12] 25 10] = 25) 8 25 
29 28) 11 28) 9 
30 12) 27 10} 27 
31 30 13) 30) 11 
32 14] 291] f 12] 29 
33 32 13 
84 > indicates where the short count (1 and 3) is made to locate the start of the first: coil 14] 31 
35 in the top layer. The brackets enclose the coils that split across the shaft. “The top| 34) 15 
36 line gives the coil pitch with 1 and 3 count between top and bottom layers. 16] 38 


The method of connecting this winding to the commutator is explained 
in Chap. X in the details for connecting hand-wound armatures. 

Figure 52 shows another type of winding diagram for a split winding 
and the accompanying table gives the method of putting in the coils. 
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Fie. 52.—Winding diagram for a split winding in which, starting at the commutator 
end of slot 1 on a 12 slot core, the wire passes over the back of the core and enters slot 6, 
the slots being numbered consecutively. It is then guided forward across the commutator 
end of the core and back into slot 1. 

The coil is completed with from 40 to 60 turns at the commutator end of slot 6. Then a band of 


tape should be wrapped around the wires to distinguish the leads at the end of the coil from those at the 
beginning. The last layer should be tied with string to the previous layer to hold it in position. 


Winpine Taste For Fic, 52.—TuHe Com Numsrrs Rerer To THE ORDER or WIND- 
inc. THE BrackEts EnciosE THE Corns Havine PARALLEL Enp ConNECTIONS 


Lower layer Upper layer 
Slot No. Slot No. 
Coil No. Coil No. 
Start | End Start | End 
sft 1 6 | a 2 a 
(2 7 12 8 8 1 
ie 11 4 | 9 12 5 
4 5 10 10 6 Il 
i. 9 2 | 11 10 8 
6 3 8 12 4 9 


Using a Winding Machine for Chorded Split Winding.—The informa- 
tion in this chapter describes the method of winding by hand across the 
right-hand side of the shaft. When a winding machine is used the same 
method can be employed except that the armature must be turned away 
from the operator at the top instead of the wire being wound away from 
the operator. When using a machine the coils may be wound on the 
left-hand side of the shaft next to the machine if this is desirable. 

Easy Method for Winding a Split Winding.—The diagrams of Fig. 
52A and 52B and the accompanying tables give information for an easy 
way of winding chorded split armatures that has the advantage of being 
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easy to remember. It will be noticed that after the first two coils are 
put on, the slots are filled up as the winding progresses and that most of 
the top leads are brought out on top of the coil. This makes it easy to 
put them down and make a nice looking job when finished. 

Figure 52A-I shows the first two parallel pair of coils in place on the 
armature and also indicates where coil 3 should start, indicated by 


I @-—Bottom half coil Ir 
@> Top half coil 


Fie. 52A.—Steps in winding a chorded split-loop winding. At is shown the first par- 
allel pair of coils placed in the armature slots. The location of the third coil is shown in 
Il. III shows the fourth coil wound in. The third and fourth coils constitute the second 
parallel pair of coils. In IV the fifth and sixth coils have been wound in. 


the black dot in slot 12. Figure 52A-II shows the third coil in position. 
The dotted line connecting the black dot in slot 6 with the finish of coil 
3 denotes where coil 4 should start. Figure 52A-III and 52A4-IV show 
coils 4, 5 and 6 in place, while Fig. 52B shows the completed winding. 
The last two coils are shown drawn in heavy lines in slots 7, 8, l and 2, 
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Fic. 52B.—Complete winding diagram for chorded split-loop winding. In this diagram 
the top half coils are represented by black dots, while the circles with crosses in them indi- 
cate the location of the bottom half coils. 81 is the start of the first coil, F1 is the finish 
of the first coil, S2 is the start of the second coil and so on through the winding. 


Cuart Suowine Easy Mernop or Winpinc Cuorpep Spiit-Loop WinpInc 


| 10 slots 


| 12 slots 14 slots 16 slots | 18 slots 20 slots | 22 slots | 


Start Le | Start ne | Start a Start oe | Start ae | Start oe | at Fin- 
| 


. in . in : in in in in . Coil 
ca: slot | giot {| slot | ciot |] sot | clot |] slot | aloe |] slot | cies || slot | it, [] stot | A] No. 
© | No. || Ne No. No. No. |] No | No |} Ne. No. No, No. || N® | No. 
1 1 5 1 6 1 7 1 8 1 9 1 10 1 11 1 
2 6 10 7 12 8 14 9 16 10 18 11 20 12 22 2 
3 10 4 12 5 14 16 7 18 8 20 9}| 22 10 3 
4 5 9 6 11 7 13 8 15 9 17 10 19 ll 21 4 
5 9 3 11 4 13 15 6 17 ef 19 21 9 5 
6 4 8}| -5 10 6 12 7 14 8 16 9 18 10 20 6 
7 8 2 10 3 12 4 14 5 16 6 18 20 8 7 
8 3 7 4 9 5 11 6 13 7 18 8 17 9 19 8 
9 7 1 9 2 11 3 13 4 15 5 17 6 19 7 9 
10 2 6 3 8 4 10 5 12 6 14 7 16 8 18 10 
11 8 1 10 2 12 3 14 4 16 5 18 6 11 
12 2 7 3 9 4 11 i) 13 6 18 7 17 12 
13 9 1 11 2 13 3 15 4 17 13 
14 2 8 3 10 4 12 5 14 16 14 
15 10 1 12 2 14 3 16 4 15 
16 2 9 3 11 4 13 15 16 
17 11 1 13 2 15 3 17 
18 2 10 3 12 4 18 
19 12 1 14 2 19 
20 2 11 3 13 20 
21 13 1 21 
22 2 12 22 


The horizontal lines enclose each pair of parallal coils, 
Note that the last coil always starts in slot No. 2. 
The coil pitch ig indicated in the first line of cach table, corresponding to coil No, 1 
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Cuart SHowine Easy Mersop oF Winpinc CHorpep SpLit-Loor 
Winpine.—Continued 


| 24 slots ! 26 slots 28 slots | 30 slots | 32 slots | 34 slots | 36 slots | 


Start |B 1! start | EU Hl start | Ei H] Start | SP |] Start | BO |] Start | BP || start | Ene ah 
il No. nm in in in in in in in In in in in in in Ol 
a slot } tot |] SOF | stot || St | stot |] Bet | stot ple slot |] St | stot || slot slot | Ne- 


No. No. No. No. || Neo No, No. No % | No, No. No. |} Ne- No. 


1 1 12 1 13 1 14 1 15 1 16 1 7 1 18 1 

2 13 24)) 14 26)) 15 28 {| 16 30}| 17 32 |) 18 34 19 36 2 

3 24 11}} 26 12]| 28 13}} 30 14)}) 32 15 |) 34 16|| 36 17 3 

4 12 23 13 25{) 14 27 {| 15 29] 16 31 17 33 18 35 4 

5 23 10}) 25 Al j| 27 12}) 29 13]; 31 144) 33 15]} 35 16 5 

6 iL 22 {| 12 24) 13 26 |} 14 28}} 15 30j| 16 32 || 17 34 6 

i 22 9}| 24 10 || 26 11}} 28 12}; 30 13]| 32 14}) 34 15 7 

8 10 21)) 11 23 }| 12 25}| 18 27|| 14 29}| 15 31 16 33 8 

9 21 8}| 23 9}| 25 10 || 27 11}} 29 12}) 31 13 }| 33 14 9 
10 9 20|| 10 22\) 11 24)) 12 26}) 13 28 {| 14 30{| 15 32 10 
11 20 Tj) 22 8) 24 9|| 26 10|} 28 1 30 12}] 32 18 11 
12 8 19 9 21{| 10 23{) 11 23 || 12 27\| 13 29}) 14 31 12 
13 19 6j} 21 7H) 23 8}| 25 9} 27 10j} 29 11 31 12 13 
14 7 18 8 20 9 22|| 10 24|/ 11 26}| 12 28 {| 13 30 14 
15 18 5]] 20 2: 24 8} 26 9) 28 10|] 30 11 15 
16 17 7 19 8 21 9 23 |} 10 25{| 11 27\| 12 29 16 
17 17 41) 19 $j] 21 6}| 23 7\| 25 27 9}| 29 10 17 
18 5 16 6 18 7 20 8 22 9 241; 10 26 11 28 18 
19 16 3] 18 4} 20 5) 22 6|| 24 Zi} 26 8}| 28 9 19 
20 4 15 5 W 6 19 7 21 8 23 9 25 {| 10 27 20 
21 15 2) 17 3} 19 4) 21 5 || 23 6} 25 ||| 2 8 21 
22 3 14 4 16 5 18 6 20 7 22 8 24 9 26 22 
23 14 1 16 2}| 18 3{} 20 4|| 22 5 || 24 6 {| 26 7 23 
24 2 13 3 15 4 17 5 19 6 21 7 23 8 25 24 
25 15 1}| 17 2|! 19 3i} 21 4}| 23 5y) 25 6 25 
26 2 14 3 16 4 18 5 20 6 22 7 24 26 
27 16 1 18 2}} 20 3]]| 22 4) 24 27 
28 2 15 3 7 4 19 5 21 6 23 28 
29 17 1 19 2}| 21 3|| 23 4 29 
30 16 3 18 4 20 5 22 30 
31 18 1}} 29 2}| 22 3 31 
32 2 17 3 19 4 21 32 
33 19 1}) 21 2 33 
34 2 18 3 20 34 
35 20 1 35 
36 2 19 36 


The horizontal lines enclose each pair of parallsi coils. 
Note that the last coil always starts in slot No. 2. P F 
The coil pitch is indicated in the first line of each table, corresponding to coil No. 1. 


Shove Through Coils for Closed-slot Armatures.—For a closed-slot 
armature, the coils consist of pieces of wire cut into definite lengths. 
If only one or two armatures are to be rewound, the coils can be wound in 
shapes shown in Fig. 52C. The dimension B is the pitch of the coil and L 
the length of each coil side. The ends are then cut off at A. When a 
mould is used it should be made wide enough so that about 25 coils can 
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be wound at one time, using 2, 3, or 4 wiresin hand. Then one turn will 
make 2, 3 or 4 coils depending upon the number of wires in hand. 

If a number of armatures of the same size are to be rewound, the 
mould should be shaped as shown in Fig. 52C and the coil wound to 
shape and then cut at A and A. ; 

Closed slots can be insulated with 0.010-in. fish-paper and shellaced in 
place. When the wires of the sides of a coil are started in the slots, the 
bottom half of the coil is pushed into the slot about 144 to % in. The top 


B= Coil pitch 
L.= Length of coil side 


J 
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Fig. 52C.—Dimensions of soft coil and mould for shoved-through winding and method of 
starting coils in slots. 


half of the throw coils are left out of the slots. When enough bottoms 
have been put in the slots so that when the pitch is counted out, there 
will be a bottom half of a coil in the same slot that the top half of the 
coil should go in, then the tops are put in until all the bottom are in. 
The tops of the throw coils are also put in at this stage. Then all the 
coils, tops and bottoms, project into the slot 34 to }4in. The next step 
is to push each coil in a little at a time going around the armature as 


shown in Fig. 52C, until all coils have been pushed through to their 
final position, 


CHAPTER VII 
I. THE SPLIT V-LOOP WINDING 


The split V-loop winding, as shown in Fig. 58, might be called a com- 
bination of the windings described in Chaps. IV, V and VI, the split- 
loop winding and the straight loop winding. ‘This winding is divided on 
each side of the shaft, and the wire at each end of the coil is formed into 
loops which are, however, cut before connecting to the commutator. 
In this winding the two coils on each side of the shaft do not run 
parallel to each other, as in the split winding, but form a V. Another 


Fig. 53.—Completed armature showing end apppearance of a split V-loop winding. 


isi i i i V which incloses the shaft. 
i ils i ble when the armature is wound. This pair forms a i 
et tnd of ear iiee. follow Fig. 54 and the instructions on pege 0 F eee tee 
armature shown in the photograph has nineteen slots and is wound with a pie oes A LS eee 
slots (at the right) between the sides of the V. In Fig. 54 only one slot is included betw: 
the V, while two are shown in this illustration. 


distinctive feature is that after the first coil is wound in place a slot is 
fill the winder proceeds. ; 
ve nteces es Disadvantages of Split V-loop Winding.—This 
winding has the same advantages and disadvantages as the split winding 
and the loop winding, where the number of slots is great and size of wire 
and number of turns is large. While the space between the bottom of 
the slot and the shaft is small, the split-loop winding will occupy less 
space than either the split winding or the loop winding. This type of 


winding and the straight loop winding are independent of the number of 
59 
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slots. The split winding can be used only when the number of slots is 
divisible by 2. The winding shown in Fig. 53 is a split V-loop winding 
the armature having 17 slots and the coils being pitched 1 and 8, leaving 2 
slots between the open end of the V, while in Fig. 54 only 1 slot is left 
between. 

Split V-loop Winding Used on Automobile Generator Armatures.— 
This type of winding is used mostly on automobile generator armatures 
where the voltage is low, and hence insulation on the ends may be 
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Fie. 54..-How to put on a split-loop 
winding. 

Each coil is started in the slot in which 
the Previous coil finished. A loop is made 
between coils, but don’t forget to cut all loops 
before connecting to the commutator. The 10 
different steps are shown in A, B and C, while 5_-x 
at D is a completed winding in diagram form. 


ane table tells where to start and finish each F° 
coil. 
Starr Finise Starr Fivisp 
IN IN IN IN 
Com Snor Snort Cor Stor Sior 
No. No. No. No. No. oO. 
1 I 6 7 7 12 
2 6 11 8 12 5 
3 11 4 9 5 10 
2 9 10 10 3 et F Fi 
5 1 3 8 = Botton? coil C 
2 ut all loops 
5 2 7 12 8 I ®@=7op coil © before connecting 


omitted if there is no room for it. However, for a 110 or 220 volt 
armature, a strip of insulation should always be placed under each coil 
at the front and rear as explained in the following paragraph. 

. Steps When Putting Winding on Armature.—Before starting the 
winding, slip on a number of sleeves of the proper size. For the 12-slot 
armature shown in Fig. 54, 12 sleeves can be slipped on, alternating red 
and white. This will leave a white sleeve for each starting lead and a 
red sleeve for each finishing lead. After 6 coils are in place the wire is 
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cut in order that 12 more sleeves may be put on which will be enough to 
finish the winding. As shown in A of Fig. 54, the motor taken as an 
example is a 12-slot machine and the eoils have a pitch of 1 and 6. The 
first coil is started through slot 1 and across the rear end of the armature 
on the right-hand side of the shaft to slot 6. After the required number 
of turns is put on, the coil is finished in slot 6, leaving a red sleeve on the 
loop as shown in Fig. 54. A white sleeve is left on the other side of the 
loop for the starting lead of the next coil. Note that in this type of 
winding that the sleeves are left at the end and beginning of each coil 
and are not put on over the loop as in the loop type of winding. This is 
done as the loops are to be cut open before connecting, thus the color of 
the sleeving will identify the starting and finishing leads. Before the 
second coil is started the armature is rotated until the finishing lead of the 
first coil is at the top as shown at B and then the second coil is started in 
the same slot on the top of the first coil. Before starting each coil put a 
strip of treated cloth insulation underneath to protect it from the other 
coils. After each coil is finished, continue in this manner, as shown in C 
of Fig. 54 until the entire armature is wound. As the winding progresses 
around the armature each slot will fill up, and on completion each slot 
will contain a starting and finishing lead, as shown in D of Fig. 54. 
The table under Fig. 54 shows in which slots the different coils start 
and finish. 

Precautions When Inserting Sleeves on Coil Leads.—The following 
illustration will explain the importance of putting the sleeves on the wire 
of the coil Jeads and not over the loop. Great care must be taken to 
leave a red sleeve on one side of the loop and a white sleeve on the side of 
the loop that starts a new coil. 

Refer to Fig. 54, diagram D. If we were to take the Joop Fx) and Sy 
and consider it the lead of coil 11 and bring it over to the right and the 
center line of this coil and connect it to the commutator, then put the 
loop F3 and S, of coil 4 in the next bar to the right, and so on around the 
armature until all leads are in, we would have the following condition: 
Coil 11 would be in series with coil 12-1-2-3-4. Note that a series of 5 
coils is passed through before returning to the adjacent bar and that when 
coil 11 is in a proper commutating position, the other coils are in an active 
field. This would result in sparking and a jerky action of the armature 
and heating which would burn out the winding if allowed to run any 
length of time. When the loops are cut lead Sy of coil 11 would be 
brought to the right as before, then lead S, placed in the bar to the right, 
ete., until all starting leads are down. Then top lead Fi; of coil 11 would 
be brought over to the left and put in the same bar as lead S,. This 
puts coils 11-4-9-2-7-12-5-10-3-8-1-6 in series around the armature each 
coil being picked up in the order given from adjacent bars which gives 
each coil its proper position. 
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This type of hand winding is not as frequently encountered as the 
types described in preceding paragraphs since it is most suitable for a 
few turns of large size of wire and on most, modern motors formed coils 
are used to meet these conditions. However, when it is desired to keep a 
winding away from the shaft in a machine where the end room is scant, 
this is the type of winding touse. The armature shown in Fig. 55 is used 
in a steam-turbine generating outfit for locomotive headlights. The 
hollow space between the winding and the shaft is formed by a wooden 
mandrel on the shaft while winding the armature. 

Steps When Winding a Diametrically-split Winding.—In Figs. 55 and 
56 a motor is shown wound directly on the half. That is, with full pitch 


L ast 
Fie. 55.—How the end of an armature looks when a diametrically-split winding is used. 


One coil is wound on both sides of the shaft in slots directly opposite each other. ‘The chalk mark 
shows the last coil put on. In Fig. 56 you can see the steps followed in putting the coils in place. 


and from this comes the term diametrically-split winding. The number 
of slots must be even for this type of winding, since one-half of each coil 
is wound around the right-hand side of the shaft and the other half 
around the left-hand side of the shaft in slots which are exactly opposite 
each other. Both halves of one coil are in the same slot at the top and 
in the same slot at the bottom of the armature. As shown in F ig. 56, 
the first coil is started in slot 1, leaving a white sleeve for a starting lead. 
Two turns, or one-half the total turris, are put in slots 1 and 7 across the 
right-hand side of the shaft, the wire being put down in layers. ‘Then two 
or more turns are laid down across the left-hand side of the shaft, through 
the same slots, 1 and 7. After the proper number of turns has been put 
on, the coil is finished in slot 7 and a red sleeve is left on the finishing lead. 


A 
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One coil fills only half of the slot, and one-half the total number of 
turns per coil are wound on each side of the shaft. The second coil is 
started in slot 2, and two turns are taken to the right of the shaft and 
two to the left, as with the first coil. The second coil starts in slot 2 and 
finishes in slot 8, as shown in Fig. 56C. The winding is continued in this 
manner, the start of each coil being always in the slot next to the one 
where the previous coil was started. When half the coils are in place, 


Fia. 56.—In a diametrically-split 
winding each coil is split around the 
shaft. 


Each coil fills half of a slot. The 
number of slots must be even. The 
top layer starts where the last bot- 
tom coil finishes, in slot 7. This ie 
a twelve-slot armature and the winding 
is full-pitch or 1 and 7 (“wound on 
the half’). A, B and C show steps in 
starting the winding and D_ shows all 
starting and finishing leads. The follow- 
ing table tells in which lots to start and 

nish, 


Start Finisu Start Friniso 


IN IN IN 
Com Snort Snot Com Sior Sxor 


No. No. o No. No. 0. 
Borrom LayER: Top LaYER: 

1 a 7 7 1 
2 8 8 8 2 
3 9 9 9 3 
4 10 10 10 4 
5 11 11 11 5 
6 12 12 12 6 


Affer first coil ison 

start second in next 

slot to right. I $2 
s _Start of 

“second coil 


50 


‘\, Then two turns to 
© “ef of shaft, repeat 
7 until one coil is on. 


; 
Red sleeves 


there will be one lead projecting from each slot. Six, or half, of the leads 
on one side are starting leads and six, or half, on the other side are finishing 
leads. ‘The top layer is started in the slot which contains the finishing 
lead of the last coil in the bottom layer. Thisis slot 7. The winding is 
then continued as before and when complete all the slots will be full and 
each will have a starting lead anda finishing lead. The last coil should be 
tied down on each side by means of heavy cord threaded underneath the 
other coils. 
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I. PROGRESSIVE-SPLIT-HAND WINDING THAT SAVES TIME 
IN REWINDING ARMATURES 


A progressive-split-hand winding for small armatures will save time 
when the number of slots is not divisible by four and the coils are wound 
full pitch. It must not be attempted with a chorded pitch. The use 


Start of cot No.l in 
Slot Not 


Firsh of coil Not in 
Slot No.t2, 


Red 2°: 


™, Red 
Sue C.L. of Coil and SS. aad 

Bes pole wa CL OF Coll mica 
- and pole 


\\ CL of Siot 
N06 onimica 


region 


| Chorded pitch 
Full pitch és not ‘Ddssibie i 


Fig. 57.—Diagrams explaining how a progressive-split winding is put on. 

A shows the sequence of winding which is also shown in an accompanying table (page 67). The 
armature has 22 slots and 66 bars and the pitch is 1 and 12, full pitch. the fires ane al black 
circles are the coil numbers in the order of putting them in place. The crosses indicate where coils are 
Started. 8, C and D explain steps in putting on the coils. E shows how the leads are marked with 
sleeving. Red denotes a bottom lead and white a top lead. The correct method of connecting up the 
commutator is indicated in F. From G it is clearly seen that a chorded pitch is not possible with this 


eee fe The heavy lines at slots 12 and 5 indicate the coil position when bars 5 and 6 are under 


of this winding will be illustrated in the rewinding of a I-hp. direct- 
current armature with 22 slots and 66 bars and a pitch of 1 and 12 
(full pitch). In winding, eleven coils were wound on, each slot being 
filled as the winding progresses. Six wires in hand are used while in an 
Gee loop winding three wires would be used and twenty-two coils 
wound, 
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CHART ror PRoGRESSIVE-SPLIT Winpinc WuEen Numer or Siots 1s DIvIsIBLE BY 4 
ee 


12 slots 16 slots 20 slots 24 slots 28 slots 32 slots 36 slots 

caso. | start | T° fst |" sae] Ea" se || tne | str | I str ES | 

in zs in a in in in in in in in in in in 

cee slot a lot cae slot a slot ie slot te slot ae slot 

N N N No. TN N No 
*] 1);& 7 1;& 9 1/& 11 1) & 13 1) & 15 1);&17 1/& 19 1 
2) 3 11 3 18 3 15 3 17 3 19 3 21 3] 2 
3 25 11 5 13 5 15 5 7 5 19 5 21 5 23, 3 
4 12 6|| <> 15 7 17 7 19 7 21 7 23 7 25 7) 4 
5 8 2 8 16||< 9 19 9 21 9 23 9 25) 9 2a, 8 
6 4 10 2 10 20 10}| <> 23 11 25 11 27 11 29 11 6 
7 12 4 12 2 12 24|1 <> 13 27 13 29 18 31 7 
8 6 14 4 14 2 14 28 14|| <> 31 15 33 15) 8 
9 16 6 16 4 16 Ps 16 32|| <> 17 30] 9 
10 8 18) 6 18 4 18 2 18 36 18) 10 
11 20 8 20 6 20 4 20 2) il 
12 10 22 8 22 6 22 4 22) 12 
13 24 10 24 8 24 6] 13 
14 12 26 10 26 8 26) 14 
15 28 12 28 10) 15 
16 14 30) 12 30] 16 
W 32 14, 17 
18 16 34] 18 


Fig. 57A.—This diagram refers to the chart for progressive-split winding when number 
of slots is divisible by 4. S1 is start of first coil and F is finish of first-coil. The first three 
Coils are in place showing start of fourth coil or the 1 and 2 count as indicated by the 
Sign (<). The dotted line shows how the rest of the coils are put on when the 1 and 3 
count is used again. 


_ Drawing A, Fig. 57 shows the complete winding and the accompany- 
ing table gives the sequence of putting on the coils. A circle with a cross 
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is used to indicate the start of a coil, and the small black circles enclose 
figures which indicate the coil numbers. As stated above, this type of 
winding fills the slots, starting with the first coil in. In winding, there- 
fore, the leads must be marked so that each slot will contain one start or 
bottom lead and one finish or top lead. 


Cart FoR PRoGRESSIVE-sPLIT Winpina WuEen Numper or Stots 1s Nor Divisisie 
BY 4 


10 slots 14 slots 18 slots 22 slots 26 slots 30 slots 34 slots 


Cet No tac | Sts yf Se [a] Stor] Start |Last |B | 

in | 5, in i in fe in in in in in | a 

ete slot alt slot ett slot ae slot acl slot elit slot oe slot 

No. No. No. Sta, No. No. No. No. No. No. No. No. No. No. 
—_— 
*1 1 /& 6 1 /& 8 1 |& 10 1 /|&12 1/&14 1 |& 16 1 /&18) 1 
2 8 3}] 10 3}} 12 3H 14 3} 16 3}| 18 3}| 20 le 2 
3 5 10 § 12 5 4 5 16; § 18 5 20 & 22] 3 
4 2 7; 14 7I 16 7) 18 Z| 20 Z| 22 7| 24 74 
§ 9 4 9 2 9 18 9 20) 9 22 9 24, 9 26, 5 
6 4 11 2 11}| 22 1ij} 24 11}} 26 11]| 28 11 6 
7 13 6] 13 4}] 13 2i} 18 26]| 13 28}]| 13 30] 7 
8 6 15 4 15) 2 15]| 30 15|| 32 15) 8 
9 17 8) 17 6]] 17 4)| 17 21) 17 34) 9 
10 8 19 6 19) 4 19 2 19} 10 
11 21 10|} 21 8}) 21 6] 21 4| 11 
12 10 23) 8 23 6 23) 12 
13 25 12)) 25 10j) 25 8 13 
14 12 27|| 10 27) 14 
15 29 144) 29 12} 15 
16 14 31] 16 
7 33 16} 17 


* The top line gives the coil pitoh. There are half as many coils as slots. This chart is a true progressive-split winding 
with a 1 and 3 progressive count throughout. 


In any ordinary split winding having two, three and so on, times as 
many bars as slots the armature would be wound with two, three and so on, 
wires in hand and a white sleeve would be put over all the wires in hand 
to denote a finish. Likewise, a red or black sleeve would be used for the 
start, but in this type of winding twice as many wires are used. For 
instance, in the winding illustrated there are six wires in hand. ‘Then to 
distinguish a top coil from a bottom one, the wires are divided into two 
sections of three wires per section before starting to wind. One section 
would first have a white sleeve put on over the three wires, then a red 
sleeve. The other section would have the sleeving reversed; that is a 
red first, and a white last (see E Fig. 57). By following this plan, when 
the coil is wound in there will be a white and a red sleeving projecting 
from each slot. Thus the leads are separated into three starting and 
three finishing leads in each slot. 
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Winding in Coils of a Progressive-split Winding.—Drawings B, C and 
D of Fig. 57 explain the method of winding in the coils. At B the first 
two coils are shown in place. Coil 1 is wound in slots 1 and 12, and coil 2 
is started in slot 14, skipping one slot. The start of each succeeding 
coil is located in the same manner. Call the slot in which the last coil is 
finished No. 1, and count over to No. 3 in a clockwise direction. This is 
where the term “progressive” originates. At C, four coils are shown in 
place, and at D six coils are shown, also the starting point of the seventh 
coil. It will be noticed at any time during the winding that between the 
last two coils put in, there will be one slot intervening on each end of the 
coils. ‘The sequence of winding the coils is given in the following table. 


SEQUENCE OF WINDING SHOWN IN Fic. 57 


Slot number 


Coil number 
Start Finish 
1 1 12 
2 14 3 
3 5 16 
4 18 7 
5 9 20 
6 22 ll 
7 13 2 
8 4 15 
9 17 6 
10 8 19 
11 21 10 


This table accompanies the diagrams in Fig. 57. 


Drawings F and G (Fig. 57) explain how the leads are connected to the 
commutator and why this type of winding must be full pitch. In F the 
coil is shown in the neutral region with the leads brought over to com- 
mutator bars just on each side of the center line of the coil. The leads 
of coil 1 are laid down across the top of the commutator, while those of 
coil 2 are laid down under the commutator. The two leads from one 
coil are separated by the center line of the poles which indicates that the 
coils and lead throw are correct. 

In G the coil pitch is chorded, 1 and 6, on a twelve-slot armature. 
With the coil in the proper commutating position as shown, the bottom 
lead of coil 1 is put in bar 5 and the top leads are brought over to bar 6. 
This makes conditions correct for proper commutation. Now when all 
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the bottom leads have been put down in this way, half the coils will 
have the correct lead pitch and the other half will be considerably out, 
as coll 2 shows. The leads of coil 2 will be two bars out of true and when 
bars 5 and 6 are under brush 8B, the coil will have assumed the position 
indicated by the heavy slot lines 5and 12. Thus it is readily seen that to 
wind correctly, the coil pitch must be full. 

The following table gives the number of slots with which this method 
of winding can be used and the coil pitch. The lead throw depends upon 
the brush position as in any other type of winding. 


Com Pitch ror ArMaTures with Dirrerent Numpers or Sots 


Number of slots Coil pitch 
10 land 6 
14 land 8 
18 1 and 10 
as, land 12 
26 land 14 
30 land 16 
34 land 18 
38 1 and 20 
42 Land 22 


Points to Watch While Winding.—It is important with this winding 
that the leads are marked correctly. To do this one-half of the total 
number of wires in hand when winding are used for one coil and the other 
half for the second coil. Use ared sleeve to denote a start or bottom lead 
and a white sleeve to denote a finish or top lead. Then on one-half of 
the wire put on about four or six sleeves, first a red then a white, red, white 
etc. On the other half put on a white sleeve first, then a red, white fa. 
etc. When starting to wind each coil leave a red and white cleaved 
bundle of leads at the start and a white and red sleeved bundle of leads 
at the finish, thus making a start and finish lead at every slot. 


CHAPTER VIII 


WINDING AUTOMOBILE STARTER AND GENERATOR 
ARMATURES 


For low-voltage armatures operating at 6 and 12 volts from a storage 
battery, in general the same types of windings can be used as on other 
small direct-current armatures. When such an armature is received, 
it should be inspected for the type of winding used, the insulation, size 
of wire, and connections to the commutator. All of this information 
should be recorded as explained in Chap. II. When the old armature is 
stripped, it should be thoroughly cleaned and after the winding has 
been applied, the commutator should be trued up and turned and the 
whole armature given a careful testing, then varnished and baked. 

Cleaning Automobile Armatures.—After removing the old winding, 
armatures can be quickly and thoroughly cleaned by the use of some good 
varnish remover made by varnish companies. A solution composed of 
25 per cent alcohol and 75 per cent benzole is good for loosening the 
varnish of old insulation so that it can be scraped from the slots. Alkali 
solutions such as hot caustic soda will also loosen the old insulation with- 
out injury to the laminations but will creep between the laminations 
when they are loose and after the armature is rewound and may cause 
trouble by eating small holes in the insulation unless the core is thoroughly 
washed and baked after being cleaned with this solution. 

Insulation Required.—For small automobile armatures a combination 
slot insulation can usually be used consisting of 0.004 in. fish paper and 
0.006 in. empire cloth shellaced or glued together. This will give a 
thickness of about 0.010 in. which is sufficient. Sheets of each kind of 
insulation can be purchased in a size 24 by 36 in. and glued together so as 
to be cut to the dimensions required by the slots with a large sheer like the 
one described on page 221. In addition to these sheets of combination 
insulation it is advisable to carry in stock rolls of 0.005 and 0.008 in. fish 
paper and 0.008 in. red fiber for strip insulation. This red fiber strip 
insulation can be purchased in rolls of narrow width, the dimensions 12 
to 15 in. in diameter and 2% in. wide being the most convenient size for 
strip insulation using this material. The strip insulation is applied as 
described in Chap. II. 

When armatures are dipped in liquid Bakelite after being rewound 
and then baked, the insulation between ends of coils can be omitted 
and also the slot wedges in the top of the slots. It is advisable to use 
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as heavy a thickness of slot insulation as the winding space will allow for 
mechanical protection. This should be from 0.010 to 0.015in. When 
wedges are not used, trim the slot insulation flush with the top of the slot 
and if a good appearing job is desired, use a fish paper wedge about 
0.010 in. a little dished and slipped in the top of the slot to bind together 
the cell insulation ends and close up the slot. This applies to Bakelite 
dips only since the Bakelite will hold the wires together and prevent them 
from flying out. A separator is not required between top and bottom 
coils either and the sleeving over the leads can be omitted unless it is 
required to identify the leads when connecting them to the armature. 
When a Bakelite dip is used and the armature coils are made up of 
strap copper, the coil insulation may be as follows: When an even number 
of coils is used, one-half the set can be left bare; when a odd number is 
used, it will be one less than one-half. ‘The other half of the set can be 
insulated as shown in F ig. 57B. 
This insulation consists of cotton 
ees ae sleeving that will fit snugly on the 
copper strap and cut to lengths that 
will insulate both rear ends from the 
end of the slot section to the begin- 
ning of the diamond point and on 
the front end from the slot section 
to the beginning of the lead bend. 
/ For this winding a slot insulation of 
tleftEsre 9-007 or 0.010 or 0.015 in. fish paper 
(as thick as winding space will allow) 
should be used. Between the top 
and bottom coils a 0.007 or 0.010in. 
fish paper or untreated fuller board 
separatorshould beused. Orbetter 
still when space permits, use a piece of soft cord (such as flax) and wind it 
zig zag back and forth from the commutator end through the slot to the 
rear, then around the tooth to the next adjacent slot and through it to 
the front and repeat. The diameter of this cord should be selected so 
that when the top coil half is driven down it will flatten the cord to the 
slot width. This soft cord acts as a wick and helps to suck in the liquid 
Bakelite when dipped into it. It also helps to hold the coils in place, 
without the use of wedges. If a fish paper separator is used it should be 
cut to the width of the slot inside the winding cell of insulation and should 
be a snug fit. It should also extend at least 14 in. beyond the end of the 
bend of the slot portion of the coil at each end. 
Taking Data from Automobile Armatures.—To determine the turns 
per single coil, first count the number of slots and bars. ‘The number of 
single coils per slot will be equal to the number of bars divided by the 
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Coton Sleeving that fits srug 


x 


Fie. 57B—Insulation for strap copper coils 
when Bakelite dip is used. 


tal number of slots. 
a lift all the wires to one commutator bar and count them. Do not 
2 


nt wires used as fillers or dummies. 1 one é 
Rive wires per bar will be the number of wires in parallel per single 


coil. 


find the top coil, that is the one that is exposed across the rear end on 
slot to slot and cut it open on the rearend. Be sure to cut only one coil. 
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To find the number of wires in parallel per single 


Then one-half the number of 


To find the turns per coil, if the winding is not too old and brittle, 


Finished Arr.ature. rt 
Core ready for winaing. Wagner Starter, 2 


Liberty Gen. 
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“AL ex tah ir 
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2 = f 
Fic. 58.—Bundles of wire can be supplied to winders in these forms for different types o 
. ‘ armatures. ie 


i i bile starter armatures. VW 
i i s of single coils for automo u eat 
ee te eee Hrreatnee for winder putting the wrong number of turns in any co: 


Then count the total number of wires in this bundle and divide this LY 
a number which is found as follows: Divide total number of bars by oy 
number of slots and then multiply this by number of wires in parallel per 


Then dividing total number of wires cut through by the 


single coil. This number 


ill gi f turns per coil. 
number thus found, will give the number re) us 
f. also be found by lifting all leads until the front end of a coil is ae 
Then cut open the top of the slot insulation and find the top lead an 
unwind the coil counting each turn. The first method is the quickest 


and when once understood can be applied to all windings. 
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Size of Wire for Coils.—The wire required for automobile armatures 
will range in size from No. 40 to No. 8 and it is usually advisable to 
supply it to winders in reels of about 10 lb. each, making up these smal] 
reels from the larger reels in the stock room so as to reduce the quantity 
of wire at the winding benches and reduce the time that the winder 
would spend running around after the wire required for a Job. Many 
armatures require the use of from 2 to 14 wires in parallel and in such cases 
it is convenient to supply the wire required to the winders in bundles 
instead of on reels. It is an easy matter to determine the length of wire 
required for a single job and this length can be put up in bundles by a 
helper in the stock room and save much of the winders time. Typical 
bundles of wire for different armatures are shownin Fig. 58. Whenarma- 
tures require a large number of turns per coil, say 50 to 100, and a number 
of such armatures are regularly wound, a winding machine such as shown 
in Fig. 39, page 36, will save much time and quickly pay for itself. 

Varnishing and Baking.—The varnishing operation should be pre- 
ceded by drying out for 30 minutes in an oven at about 150°F. The 
armature should then be dipped in a good insulating varnish kept at a 
temperature of about 100°F. After soaking for about 10 to 15 minutes 
or until no bubbles show on the surface of the varnish, remove the arma- 
ture and allow it to drip for 45 minutes over the varnish tank. Then 
place the armature in an oven and allow it to remain there over night or 
at least eight hours. 

To remove the varnish from the shafts, the armature can be centered 
in a small lathe, and a tool with a hinged joint inserted in the tool post 
and swung down on the shaft so as to scrape the varnish off as the tool 
post carriage is moved along. A piece of emery cloth will quickly smooth 
up the job. 

Winding 32-volt Armatures.—When winding 32-volt armatures that 
operate from a storage battery and are used in applications on farms in 
connection with a farm lighting set the same procedure as used for 
automobile 6- and 12-volt armatures can be followed. 

Layer Winding for Automobile Armatures.—On some automobile 
generator armatures a type of hand winding is used known as a layer 
winding. This is a useful winding when the turns in the coils are from 1 
to 9 of fairly large wire and the end room is scant. The armature shown 
in Fig. 58A has a layer winding. It is a four-pole armature and is con- 
nected up as a wave winding. 

It will be impossible to use such a winding on an armature if the 
number of slots and poles and the pitch do not satsify the following 
equation: 

(Number of poles X pitch) plus or minus 1 equals the number of slots. 

If the sign is minus, the winding will be progressive; if it is plus, it 

will be retrogressive. In Fig. 59 there were four poles and twenty-seven 
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Fic. 58A.—This hand-wound layer winding takes very little end room. 
i i is kind i rt i i = i this case, 
1 thing a machine of this kind is wound by inserting previously-formed coils. In i 
3" ehera ae not room and therefore the motor was wound by hand. The mumber. of aes per 
coil is small and the wire is large. To get the idea of putting on such a winding look at Fig. 59. 


Fic. 59.—How a layer winding is put on an 
armature. 


This winding is used where the coils have few 
turns of large eres but the end room is so scant 
that formed coils cannot be inserted. The first 
layer consists of four coils which step around ry 
armature, the end of the last coil being in the 
slot next to the start of the first coil. The second 
layer passes around the armature in the same 
manner, the coil ends lying on top of the first 


layer (see Fig. 584). When completed the 
armature connects into a wave winding. Such a 
layer winding is possible only when the following 
equation holds true: (Number poles X pitch) + 
1 = number of slots. In the armature shown 
this equation is as follows: (4 X 7) — 1 = 27. 
This is a progressive winding. If the sign had 
been + instead of —, the winding would be 
retrogressive. For instance (4 X 7) + 1 = 29 
would indicate a retrogressive winding. The 
number of layers equals the number of slots 
divided by the number of poles as 27 +4 =7 
layers in this case. The following table shows 
the slots in which the coils are started and 
finished: 


Start my Frnisu In 


“Stortof coil§ Con, No. Stot No. Sor No. LaYER 


i 27 Slots 
Start of coil 5 ee 
@nd second layer Pitch 8 


1 1 8 
2 8 15 A 
3 15 22 
4 22 2 
5 2 9 
6 9 16 5 
7 16 23 
8 23 3 
9 es 10 
10 10 1 
11 17 24 3 
12 24 4 
13 4 11 
14 11 18 i” 
15 18 25 
16 25 5 
17 5 2 
18 12 
19 19 26 5 
20 26 6 
—s 
22 1 
23 20 27 6 
24 27 7 
25 7 14 
26 14 21 7 
27 21 1 
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slots. Therefore the pitch is 1 and 8, or 7 slots. This makes a progres- 
sive winding. Twenty-nine slots would make a retrogressive winding. 

The distinguishing feature of this type of winding is that four coils 
are visible across the end of the armature. Also the wires are laid down 
in layers, the bottom layers being close to the shaft and each succeeding 
layer being put on further away from the shaft, as shown in Fig. 584. 

Steps When Winding a Layer Winding.—At the start, put several 
sleeves on the winding wire, alternating red and white. Start in slot 1, 
leaving the white sleeve for the starting lead. Wind across the back of 
the armature on the right-hand side of the shaft to and through slot 8 


Fie. 60.—Special power operated holders for winding layer wound armatures. Note the 
tools used. 


leaving the finishing lead in slot 8 with a red sleeve. In winding the 
first coil bend it in toward the shaft as shownin Fig.59. Start the second 
coil in slot 8, in which the first coil was finished, and wind through this 
slot and slot 15 in the same manner as the first coil. Continue in this 
manner with the third and fourth coils, which brings the finish of the 
fourth coil in slot 2. Coil 5 will start the second layer of the winding in 
slot 2. The coils of this layer should not be bent as close to the shaft as 
the coils of the first layer, as shown in Fig. 59. The other coils are put 
on in the same manner, continuing according to the table shown with 
Fig. 59. The coils of each succeeding layer are farther and farther from 
the shaft. 

Making Ends of Coils Wind in Layers.—There is a trick in getting 
the ends of the coils to wind in layers without pounding. This trick is 
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as follows: The first turn across the end of the armature is put in the 
middle of the space which the complete coil will occupy. Then the 
following turns are laid on opposite sides alternately; that is, the second 
turn to the right, third to the left, fourth to the right, and so on. Allow 


Fig. 61.—Winding 6-volt armatures for automobile starting motors. 


The coils are formed by machine out of bare strip copper. Every other coil is insulated on the ends 
as shown. A .010-in. fish paper cell is used with a .010-in. insulating strip (“willie”) between top and 
bottom coils in the slot. The whole armature is dipped in Bakelite. Wedges and bands are not 
required. A girl winder puts on insulation, inserts coils and puts leads into commutator slots in about 


20 minutes. 


the wires to bunch up in the slots, but start to fan them out as close to 
the slot ends as possible. 

Connecting Coil Leads to Commutator.—In connecting a layer wind- 
ing to the commutator, the same method is used as already described 
for the split and split-loop windings. When connected, this winding 
forms a four-pole wave winding. 


CHAPTER Ix 


HOW TO DETERMINE THE POSITION OF COMMUTATOR ON 
THE SHAFT 


To determine the position of the commutator when the brushes are 
on the center line of the poles, the following formula may be used. 

1. If (pb + s) is an odd number, the center line of the slot should be 
on the center line of mica. 

2. If (pb + s) is an even number, the center line of the slot should be 
on the center line of a bar. 

In these formulas, p is the lead pitch, b is the number of bars and s is 
the number of slots. 

The connection and winding shown in A of Fig. 62 is called “wound 
and connected on the half.” A chorded-pitch winding (see Chap. VI) 
with the brushes on the center line of the poles is shown in B, Fig. 62. 
When the coil is under commutation, it is in the position shown ; that is, 
on a line parallel to the horizontal center line of the shaft. The con- 
nections of the coils to the commutator are shown in the lower part of 
diagram B. The winding is called “chorded and connected on the half.” 
The position of commutator with reference to slots is determined as in the 
previous case by formula (pb + s), etc. 

Commutator Position for Full-pitch Winding.—A full-pitch winding 
with the brushes on the center line of the neutral region is drawn in C 
of Fig. 62. The connections to the commutator are shown in the lower 
part of diagram C. This forms what is called “wound on the half and 
connected straight-out winding.” The leads are connected to the bars 
directly in front of the slot. 

The position of the commutator in a motor with brushes at the neutral 
zones between the poles is determined by the following formula: 

li (f+p) X (6 +s) is an odd number, the center line of the slot 
should be on the center line of a mica. If this is an even number, the 
slot center is on a center line of a bar. In these formulas f equals full 
pitch, p equals the pitch used, b equals the number of bars and s equals 
the number of slots. 

Commutator Position for Chorded-pitch Winding.—A chorded-pitch 
winding with the brushes on the center line of the neutral region is illus- 
trated in D of Fig. 62. The upper sketch in D shows the coil in the proper 
position for correct commutation. In order to connect this coil to the 
bars that are in contact with a brush, it is necessary to give the leads a 
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' 
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fe iaas ahead of slot 
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Fig. 62.—These diagrams show brush positions and different connections of coils to the 


commutator. Lee Re 5 
i indi drawing should be made showing the winding methods followed. 
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slight throw as shown. This is very important, and when connecting 
or taking data on an armature of this type, care should be taken to get 
the line-up correct. If the coil is by error connected to bars 24, 1 and 2, 
then when slot 6 is in the neutral region and bar 1 in contact with the 
brush, the bottom half of the coil in slot 6 would be under the pole and 
in a magnetic field, which would cause sparking at the brushes and heat- 
ing of the armature. The formula in the paragraph just ahead of this 
one may be used to get the commutator in the right position. 

In some cases where the leads are incorrectly connected; that is, 
thrown back so that both halves of the coils are under the poles, one-half 
under a north and the other half under a south, the motor will tend to 
rotate and then stick. This is due to the brushes short-circuiting an act- 
ive coil. The foregoing applies to the other types of connections as well. 

Checking Position of Commutator with Armature in the Motor.— 
These examples and Fig. 62 are given to enable the winder to check 
up his data and to understand the principle of connecting. When in 
doubt before connecting the commutator, put the armature in the field, 
then turn it so that one coil will lie in the correct commutating position, 
which should be on the center line of the neutral region for a full-pitch 
winding, as shown in A and C of Fig. 62. With a chorded-pitch winding, 
the centers of each slot containing a half of the coil should lie on a straight 
line parallel to the neutral region center line, as in B and D of Fig 62. 
When the coil is in the correct position note which bar the brush is making 
contact with, mark it and then bring the leads out to this bar, using it as 
the center point, as bar 2 in D of Fig. 62. A properly wound loop winding 
is very easy to connect, as the leads are all put down in one layer. The 
leads can be put down in any position to suit the brush position. 

Distance Commutator Should Be Pressed on Shaft.—The distance 
that the commutator should be pressed on to the shaft is an important 
item that should be recorded before removing commutator for repairs 
or replacement. If pressed on too far there will be excessive end play, 
the winding space between core and commutator will be reduced, the 
brushes will not bear on the full surface and grooves will be worn in the 
brushes which will break off their corners. 

Lining Up Armature Slots or Teeth with Commutator Mica or Bars.— 
The alignment of the armature slots or teeth with respect to the com- 
mutator mica or bars, for all types of armatures, will follow the general 
rules outlined below. 

1. With the coil pitch even, and the lead pitch even, the center line 
of the tooth will line up with the center line of the mica. 

2. With the coil pitch odd, and the lead pitch odd, the center line 
of the slot will line up with the center line of a bar. 

3. With the coil pitch even, and the lead pitch odd, the center line of 
the tooth will line up with the center line of the bar. 
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4. With the coil pitch odd, and the lead pitch even, the center line 
of the slot will line up with the center line of the mica. 

The above rules apply when the center line of the armature coil is 
used as a base for lining out. When the coil pitch is odd, the center line 
of the coil will fall on the center line of a slot, and when the coil pitch is 
even, the center line of the coil will fall on the center line of a tooth. 


CHAPTER X 
CONNECTING UP HAND-WOUND ARMATURES 


The process of connecting the leads to the commutator is an impor- 
tant step in the rewinding of any armature. A careful study of Chaps. 
II and XI in connection with this chapter will be of considerable help in 
getting a good understanding of the process of connecting up the windings 
of small hand- and machine-wound armatures. In this chapter the most 
important and peculiar points to remember when connecting the direct- 
current windings described in preceding chapters are taken up. When 


these points are observed the mistakes that invariably spoil a good 


Fre. 63.—A simple working diagram for connecting coils to the commutator. Any slot 


can be called No. 1, then bar No. 1 will b i i i 
RHEeCS te eee aes ay e on a line with the center of this slot as shown by 


winding job can be avoided. In Fig. 63 a connecting diagram is shown 
for a 12-slot, 24-bar armature. This sketch gives a good idea of the 
proper manner in which the individual coils should be picked up. Notice 
that the last coil in slot 5 is connected in series with the first coil in the 
adjacent slot 6. The series connection continues on to slot 7,8, etc 
Also note that the top and bottom leads of the coil shown in full ae ent 
in towards the center of this coil. 

The whole problem of connecting becomes a process of properly 
locating the coil sides in the proper commutating field and bringing the 
leads of this coil around to the commutator bars that are in contact with 


one brush and also picking up each individual coil in 


as shown in Fig. 63. proper sequence, 
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With hand- or machine-wound smali armatures, a standard system of 
marking the leads should be adopted and carefully carried out. This 
can be done with different colors of sleeving as explained in Chap. VII, 
page 61, and in the following paragraph. This will not only save time 
but add accuracy to the connecting process. 

How to Use Sleeves for Marking Coil Leads of Loop Windings.— 
With loop windings having as many bars as slots, no sleeving is necessary 
for fan-motor armatures and others up to 14 hp. Above this size use a 
white sleeve on all loops. When there are twice as many bars as slots 
there will be two loops per slot. Then put a white sleeve on the first 
loop and a red one on the second loop and repeat this for each slot. The 
loops will then be put down in the following order to the commutator: 
White, red, white, red, etc. 

When there are three times as many bars as slots, there will be three 
loops per slot. In this case put a white sleeve on the first loop, a red one 
on the second, and a black one on the third loop. Then put the loops 
down in the following order: White, red, black, white, red, black, etc. 

These directions apply when one wire in hand is used and the wire is 
not cut until the last coil is in place. 

Marking Coil Leads When Wound with More than One Wire in 
Hand.— When the armature is wound with as many wires in hand as the 
number of bars exceed the number of slots, use 2 white sleeve for the 
starting or bottom leads. For fan armatures and others up to 1é hp., 
no sleeving is necessary on the finishing or top leads. For armatures of 
larger capacity use a red sleeve for the finishing or top leads. When 
using more than one wire in hand, use a large enough sleeve, so that all 
the wires can be put in the one sleeve. Do not use friction tape as a 
covering for the leads because the tape binds the wires together too tightly 
and makes it hard to shift the position of the wires when putting down the 
top leads. The tape also takes longer to apply. 

Location of Brushes for Full and Chorded Pitch Windings.—The 
majority of motors have the brushes either on the center line of the poles 
or on the center line of the neutral region between poles. In some few 
special cases the brushes are advanced or given a backward lead to bring 
a part of the coil under commutation into a weak field. Figure 62, Chap. 
IX, shows the combinations usually encountered as follows: 

1. Full pitch with the brushes on the center line of poles (A Fig. 62, 
Chap. IX). : 

2. Chorded pitch with the brushes on the center line of poles (B 
Fig. 62, Chap. [X). 

3. Full pitch with the brushes on the center line of the neutral region 
(C Fig. 62, Chap. TX). 

4. Chorded pitch with the brushes on the center line of the neutral 
region (D Fig. 62, Chap. IX). 
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In A of Fig. 62, Chap. IX, coil 1 is shown under commutation and 
the leads brought over to the center line of the coil. The lower part 
of diagram A shows the same coil connected to the commutator. It will 
be noted that there are two coils per slot, and that three bars are con- 
nected to the four leads coming from these coils. The two bottom or 
starting leads connect to bars 8 and 7, while the two top leads connect 
to bars 7 and 6. Bar 7 has a top and bottom lead attached to it. This 
puts the two coils in series. Likewise one coil per slot will take up two 
bars; three coils per slot four bars; four coils, five bars, etc. 

Filling Hollow between Coil Ends and Commutator.—After the 
commutator is pressed on the shaft, fill the hollow between the end 
windings and the commutator with friction tape, up to the level of the 
bottom of the slot in the commutator necks. (See Fig. 831A.) This 
makes a bed for the bottom leads to rest on. Such a bed in any type of 
winding will prevent the leads from breaking off at the rear of the 
commutator. Figure 65 shows an armature being connected after filling 
up this hollow. Note that this armature is wound with large wire and 
that two or three turns of friction tape is used to mark the top or 
finishing leads. This tape is removed when connecting to the 
commutator. 

Connecting Leads of First Coil to Commutator Bars.—Determine the 
position of commutator bar No. 1 to which the starting leads of coil 1 
are to be connected, as explained with Fig. 62 (Chap. IX) under the 
headings ‘‘Commutator Position for Full-pitch and Chorded-pitch Wind- 
ings” on page 76. Then fill in the hollow between the coil ends and the 
commutator, and separate the loops of coil leads from each slot into as 
many sections as there are bars times slots. Then take any one slot to 
start with (as slot 1) and a white sleeved loop and put this down in the 
proper bar (as bar 1) after untwisting the wires and skinning the part 
that is to be put into the commutator neck. Next take a red sleeved 
loop and put it down in the next commutator neck. Care must be taken 
to put the loops down in the same sequence that they were wound on the 
armature. This is one of the pitfalls of connecting loop wound armatures 
and it is, therefore, important that the winder be careful in marking the 
leads or loops with the proper color of sleeve while winding. 

An example of incorrect, connections which may result from failing to 
put different colored sleeves on the loops when there are more bars than 
slots is shown in Fig. 64. This illustrates a three coil per slot winding 
where the armature has three times as many bars as slots. In Fig. 64, 
A is the first coil wound in the slot and has a white sleeve. In this same 
sleeve is a finishing lead of the last coil wound in the adjacent slot to the 
left. This lead is not shown connected to the commutator. B is the 
second or red sleeved coil and C the third and last coil with a black sleeve. 
If the white loop is connected to bar 1, and the black loop to bar 2, and 
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the red loop to bar 3, as shown in the left sketch of Fig. 64, there will be 
two coils A and B in series between bars 1 and 2. This will give a drop 
twice as high as normal measured with a voltmeter as shown. With the 
voltmeter leads across bars 2 and 3, the meter will measure the drop 
through one coil B. But when the meter is across bars 3 and 4 two coils, 
C and B are in series, resulting in a high reading. This is what 1s termed 
a, reversed lead resulting in a high, low, high, reading, and can be caused 
by the winder using the wrong sleeve or the connector putting down the 
leads in wrong sequence. 


\ 


et a ea TN 


~~ 


Second loop connected ahead first logp. 
High voltage between land & 

Reversed voltage between 2 and 3 
High voltage between 3 and 4 


i i i inding. Thecorrect 
Fic. 64.—The left hand diagram shows a possible error in win 
method is shown in the right hand diagram. ‘The left-hand drawing shows what may 
happen if different colors of sleeving are not used when there are more bars than slots. 


When laying out the lead pitch (See Chap. II, page 16), before 
starting to connect, it is advisable to use the last coil wound on, as the 
complete coil is visible and its leads can be traced and put down in the 

r direction. : 
Bo sanecting Leads of First Coil When There are Several Leads in 
One Sleeve.—When the loop winding is put on by hand, and the wire 
cut at the end of each coil, each white sleeve contains all the starting 
leads and each red sleeve all the finishing leads. The first step after 
filling the hollow between the coil ends and the commutator, is to pick 
out all the red sleeves, or finishing leads, and bend them back against the 
armature core, as shown in Fig. 65. Then select the last coil and find 
its bottom (starting) leads by placing one end of a test lamp lead on the 
finishing lead of this coil, which is easily found by inspection and lighting 
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out the white sleeved or starting leads until the one that lights is found 
Then put any one of the leads in this sleeve down to the marked bar 
Connecting Leads of First Coil When There are Two or More Coil 
per Slot.— With a winding having two coils per slot, the following syst i 
should be followed in laying down the first lead. The armature is A a 
until the last coil is in the position of the coils shown in Fig. 62 (AB 
C-D) page 77. Then if the bottom leads are on the left when ia t 
the commutator end, lay out the bars as in Fig. 62A; that is Bee, 
from night to left. Then put any one of the two leads in is last c i 
sleeve, in the bar marked off for the lead pitch, as bar 7 in Fig 624 
Then put the remaining lead of this sleeve into the adjacent bar @ the 


Fie. 65.—In this diagram the bottom or starting leads e own connected to the 
£ hi 
£ are sh 
commutator with the top or finishing leads bent back during this operation 


the insulation between coil terminals. pea 


ne If the bottom leads are on the right-hand side, then lay out the 
ars as above and put the first lead in the pitch bar. The next lead is 
put in the adjacent bar to the right. ‘This applies to any type of con- 
po ; that 18, straight out, etc. ‘The rest of the leads are put down in 
regular rotation ; that is, the lead in the slot to the right of the one started 
s is a in the two bars to the right of the first two. No attention need 
e paid to the order in which the wires (after the first one) in any of th 
bottom sleeves are laid down. i i 
sig ee a ee coils per slot any one lead in the proper bottom 
put in the pitch bar. Then another lead is i 
t 
the left and the third lead in the bar to the right. ei 
ee on both right- and left-hand windings 
en there are four coils per slot and b 
Z ottom leads to the left 
ne oe in the proper sleeve in the pitch bar, then put one lead 7 oA 
r to the right and remaining two leads in the two adjacent bars to the 


This procedure is 
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left. With the leads to the right put one lead in the bar to the left and 
the two in the two bars to the right. 

For five coils per cell put one lead in the pitch bar and two to the left 
and two to the right. Figure 66 shows all cases. 

After all the bottom leads are in place, put a layer of friction tape over 
these leads, as shown in Fig. 65. This insulates the two layers of leads 
from each other. A bias cut tape makes the best job. 

Test to Locate Top Leads before Connecting Them to Commutator.— 
With the straight loop winding (that is, where the lead wires are not cut 
from start to finish) it is not necessary to test the leads, as a top and 
bottom lead is put down together. But in a winding when the wire is 
cut after each coil is put on, the top leads must be tested out while putting 
them down to the commutator. For this purpose a convenient test lamp 
should be provided on the connecting bench. 

The following procedure can be followed for cut-loop, chorded- 
split loop and diametrically-split loop windings. 

To start, turn the armature until the last coil is in the position shown 
in Fig. 62, page 77. Call this coil 1, and the pitch bar barl. Then put 
one of the test leads on bar 1, as shown in Fig. 67. With the other test 
lead touch each of the finishing leads of coil 1 until a light is obtained. 
This is the finishing lead of coil 1 and is shown at a in Fig. 67. When the 
bottom leads are on the left, place the top lead found by the test in the 
bar to the right or lead a is put in bar 2 as in Fig. 67. If the bottom 
leads are on the right, put the top lead in the bar to the left. Then with 
one test lead still on bar 1 find the next top lead that lights, as 6 Fig. 67. 
Put this lead in the bar next toa. Continue to light out the top leads as 
above. Move the test lead on bar 1 only when convenient to do 80, 
then slide it along in the same direction that the top leads are being 
picked out and keep it at least three bars behind the last top lead put 
down. 

In Fig. 67, if lead a had been put in the bar to the left of bar 1, a 
“Jong connection” would be made. ‘This would reverse the polarity of 
a generator and the direction of rotation of a motor. Note that in this 
connection that the top and bottom leads cross each other at the rear of 
the commutator. This is the only manner in which it is possible to 
reverse a lap-wound armature when rewinding. 

Connecting Leads of First Coil for Split V-loop Winding.—For the 
split V-loop winding the loops must be cut open and the leads projecting 
from each slot separated into two sections; that is, top and bottom or 
start and finishing leads. After this the leads are put down in the same 
manner as for the chorded-split winding. 

In connecting the special windings described in preceding chapters be 
sure to follow the instructions regarding the method of marking and 
bringing out the leads as described with each special winding. 
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Checks to Make after Connecting Up Commutator.—After a motor is 
connected, there are a number of checks which should be made. When 
the coil connections are not correct and an attempt is made to run the 
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Fig. 67.—Lamp test to locate top leads when connecting them to commutator. 


This is the method for connecting any split, split-loop or diametrically-split winding. The starting 
eads are laid down in one layer to the proper commutator bars. ‘Then the finishing leads are found 
with a test lamp and connected to the bar just ahead of the starting lead (to the right in this drawing). 
There is only one slot between the sides of the V. There are twelve slots, and the pitch is 1 and 6. 
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Fie. 68.—Soldering leads of the armature coils to the commutator by the use of wire solder. 


__A gas blow pipe permanently attached to a standard is used to supply the heat. The flame plays 
directly on the outer ends of the commutator bars while solder is applied to the terminals in the slots. 
This method of heating insures a sufficiently high temperature in both the bottom and top of the slot. 


machine, there will be considerable sparking. The armature will heat 
up and have a jerky movement or it will tend to stick at each tooth and 


will develop very little torque. Ona shunt or compound motor the speed 
may increase, the percentage increase depending upon the error in the 
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connections. With a series motor the armature may run slow and the 
field and armature windings become very hot in a short time. Mistakes 
are easy to make and cause much trouble hence great care should be taken 
to get the windings and connections correct. 

Soldering Leads to Commutator.—Figure 68 shows one method of 
soldering the leads to the commutator after connecting and testing. 
This method employs a flame from a gas torch played directly upon the 
commutator thus heating the bars and allowing the solder to run. 
Another method is to use a large iron; that is, one that will hold its heat. 
Place this iron on the brush surface of the commutator and apply solder 
to the commutator surface until solder will melt and run into the necks. 
This and the first method gets solder all over the commutator surface 
but is not a serious disadvantage since the commutator has to be turned 
and polished in any case and it does not require an extra cut to remove the 


solder. 


CHAPTER XI 
TESTING ARMATURES WHILE AND AFTER WINDING 


In the rewinding of all t 
ypes of hand-wound armatures there a 
number of defects and troubles that can occur. Details will be _ 


this chapter for locating the most common ones which are as follows: 
1. Grounds. 


2. Reversed coil leads. 
3. Open circuits and short circuits, 
(a) Between coil turns. 
(6) Between top and bottom coils. 
(c) Between commutator bars. 
3 Between coil leads. 
e) Between coilends. A sh ircul i 
nage short circuit between coil ends cuts out 
In rewinding hand-wound armatures, a variety of cores and sizes 
received. The condition of the cores varies; some cores can b rll 
insulated and others are hard to insulate properly. On some ihe ah 
slot or end room is scant and considerable pounding is required - t 
the Wire into place. When fine wire is used, there is a chance of a 
pene, therefore, a L10-volt test lamp should be provided at ie 
ec hs oie or winding machine so that the winder can test each coil 
on ri nishes it, thus detecting grounds or opens before passing the 
Points during Winding When Tests Should Be Made.—In order to 
detect any of these defects while winding an armature as soon as po ibl 
after the defect occurs, it is well to have a procedure of testin: ne 7 
an as function. The following method of testing eee, 
a ed for use a repair shops rewinding the average range of small 
1. After the armati i indi 
the commutators for ee cae SAT Mamaia” 
2. Wind and wedge the armature. 
: Cae a and shorts, using a growler to locate them. 
oa sy ec e armature and then before soldering leads to the 
utator, make a bar-to-bar test using a millivoltmeter 
5. Solder leads, dip and bake, and turn commutator 
6. Give the armature a final bar-to-bar test. 
90 
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The reason that a bar-to-bar test with a millivoltmeter is recom- 
mended after connecting and before soldering the leads, is that shorts 
between leads, as well as reversed and crossed leads occur at this stage, 
and it is easier to raise the leads to locate and remedy the defects when 
the leads are not soldered. The reason for the test after finishing the 
armature is that when soldering and turning the commutator particles 
of solder may run down between the bars at the back of the commutator 
thus shorting the bars, or in turning the commutator the tool may drag 
small particles of copper across the mica which also shorts the bars. 

Testing Commutator for Grounds.—The first step after the armature 
has been stripped, and before winding, is to test the commutator for 
grounds and shorts. To test the commutator for grounds a piece of 


A B 

¥ic. 69.—To test a commutator for grounds, wrap a bare copper wire completely around 
it, making sure that the wire touches all bars. 

This test is shown at A. Apply one test lead of the testing transformer to the shaft or core and the 


other to the wire around the commutator. At Bis shown the method of testing a commutator for shorts 


between bars. This is done by putting a 110-volt test light in series with one lead from the power 
supply and applying the leads to adjacent commutator bars. Tf the bars are shorted the light will glow. 
bare copper wire is wound around the complete commutator, making 
sure that the wire touches all bars. Apply one test lead to the shaft or 
core and the other to the wire around the commutator, as shown at A, 
Fig. 69. For armatures up to and including 14 hp., a test to ground of 
900 volts alternating current for one minute is sufficient. For armatures 
above this size, use twice the line voltage plus 1,000 volts for the test to 
ground; that is, for 100- to 150-volt armatures the test voltage is 1,200 
volts; for 250- to 275-volt armatures the test voltage is 1,500 volts; for 
400- to 450-volt armatures, use 2,000 volts. This test should be applied 
for one minute. 

Testing Commutator for Shorts.—The next step is to test and clear 
the commutator of shorted bars. This is done with a 110-volt test lamp, 
putting the leads of the test lamp on adjacent bars as at B, in Fig. 69. 
The carbonized mica will glow or sputter depending upon the resistance 
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of the shorts; in some cases of dead short, the test light will come up to 
full brilliancy. Most short circuits between bars can be cleared by dig- 
ging out the dirt and carbonized mica with a knife or ground hack-saw 
blade. The hole should then be filled with a good commutator cement, 
A good cement can be made from plaster of paris and shellac. flitjese 
two ingredients should be mixed together into a thick paste, which can 
be used to fill the hole in the commutator. Where there are a number of 
bad spots it will be found more satisfactory to put in all new mica 
segments or in the smaller sizes of motors, to supply a complete new 
commutator. The important thing is to be absolutely sure that the 
commutator is free from all defects before starting to wind. 

Testing Winding for Grounds before Connecting to Commutator.— 
If the armature shows a ground, after winding and wedging and before 


ie _ le Volts 


Fie. 70.—How to locate grounded lead in straight loop winding, before connecting leads in 
si commutator. 

er cutting open the loop AB, if the test li 

to B. If light remains dark move test ee / 

slots ahead so as to sectionalize the winding ui 


ight glows with test lead on S, the ground is in section 
ii Si ace eee tng pen loop about fu 
connecting the leads to the commutator, the following procedure should 
be used for locating the grounded coils. There are two cases: one is the 
straight loop winding in which the wire is not cut from the start to the 
finish of the winding, and in the other case, each slot has a number of 
leads projecting from it, half of these leads being top or finishing leads 
the others being bottom or starting leads. 
In the case of the straight loop winding, the set-up shown in Fig. 70 
should be used to locate the grounds. One test lead is fastened to the 
core or shaft and the other test lead is touched to one end of the winding 
as at Sin Fig. 70. Then a loop about four slots away is cut open as at B. 
If the ground is in the section between 8 and B, the test lamp will not 
go out. If the ground is in the other section of the winding, the circuit 
will be broken and the light will go out. In this case, touch the test 
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lead to A, cut open a loop four slots away, as at D. Repeat until the 
ground is located in a section of four coils, then starting with the first coil 
of this section, cut open the loops until the grounded coil is found. In 
Fig. 70, coil 6 is the grounded coil. After locating this coil, the remain- 
der of the loop winding should be tested to make sure that there is only 
one defective coil. 

In the other case referred to, each slot has a number of leads projecting 
from it, half of them being top or finishing leads, the other half being 
bottom or starting leads. The first step is to separate the top leads and 
bend them back, toward, but not touching the core. The bottom lead 
should be pulled out straight and about 14 in. of the insulation should 
be removed from the end of each lead. Then tie the leads together into 
separate bunches by pieces of bare copper wire and apply high voltage 
between each of these bunches and ground. One of these bunches of 
wire will show aground. Remove the tie wire from the bunch that shows 
a ground and test each lead separately with a test lamp, one lead of which 
is on ground, until the grounded coil is found. 

Test for Locating Grounds after Leads Are Connected to Commu- 
tator.—_If the winding is tested for grounds after wedging and before con- 
necting to the commutator, the finished winding will be clear from 
grounds. However, if the winding shows a ground after connecting 
the leads to the commutator, the following method will locate the defect: 

The set-up for this test is shown in Fig. 71. The test line with a lamp 
bank in series with it is connected to bars directly opposite, as at 1 and 
10. With a millivoltmeter on two adjacent bars at 2 and 3 adjust the 
lamp bank until approximately one-quarter scale reading is obtained on 
the meter. Then remove the millivoltmeter leads from bars 2 and 3 
and connect the lead to the core as shown. With the other lead touch 
the commutator at a point midway between the two line leads, as bar 
4, Make this connection lightly and quickly, watching the meter scale. 
If the pointer of the meter goes off the scale try bar 5, bar 6, ete. If this 
does not bring the pointer down on the scale, try bars on the opposite 
side of bar 4. The reason for the high reading when the meter leads are 
touched to bar 4 is as follows: Coils 1, 2, 3, 4, 5, 6, 7, 8 and part of 9 are 
in series to ground; hence the meter measures the drop across the series 
of coils between bar 4 and ground. When the meter lead is moved to bar 
5, as at C, the drop is reduced by one coil. As the lead is moved toward 
the bar to which the grounded coil connects, the meter readings will 
become lower until bar 9 is touched. This will give the lowest reading. 
If bar 10 is touched the reading will become larger. Decreasing readings 
indicate that the grounded coil is being approached while increasing 
readings denote that we are working away from the defective coil. 

After locating the grounded coil in the manner just described, test it 
by disconnecting from the commutator the top lead of the grounded coil 
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and a lead on each side of this lead. Test the coil to ground and also 
the other section of the winding to make sure that all grounds have been 
located. A telephone receiver can be used in the test described, in place 
of the millivoltmeter. A loud noise in the telephone eeeeiver corre- 
sponds to a high meter reading. 


+ Lomp borik 
“WO Vorts, D.C Millivaltmeter 
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Fic. 71.—Locating a ground by using a lamp bank and a millivoltmeter. 


The millivoltmeter is first placed across two adj 
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Checking Coil Connections for Reversed or Crossed Leads.— 
Reversed or crossed leads often occur while connecting the leads to the 
commutator; hence these defects should be located before soldering the 
commutator connections. There are two cases of reversed leads: 
In one case a voltmeter will show up the fault; in the other case it will ot. 
In diagrams A, B and C of Fig. 72 is shown a reversed coil or a case a 
which the top and bottom leads have been interchanged. In diagram A 
the flow of current from the test leads L, and L» is from left to eht 
through all the coils except coil 2, over which the arrow is shown reversed. 


The only way in which this type of reversed lead can be detected is by 
means of a compass. 
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Inspection of diagrams B and C, Fig. 72, will show that a voltmeter or 
telephone receiver will not locate this fault. When using a millivoltmeter 
in the bar-to-bar test, as in diagram B of Fig. 72, place the millivoltmeter 
leads on bars1 and2. This measures the drop over one coil, the direction 
of the flow of current being indicated by the arrow through the meter in 
the diagram. With the millivoltmeter leads on bars 2 and 3, as shown in 
diagram C, the drop over coil 2 is measured. In this case, the current 
through coil 2 is reversed, but the flow through the meter remains the 
same, therefore, there is no indication of trouble. If an armature with 
a coil in this condition were put in a motor frame and run, the coil would 
cause sparking every time it passed from under the brush. ‘The correct 
way to locate this kind of a defect is to place a compass Over the armature 


3 
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Fic. 72.—A case of reversed leads that will not show up with the drop of potential or 
millivoltmeter test. 


In diagram A is shown the connections for the ordinary millivoltmeter test. Current goes in 
commutator at Zi and out at Zz. The current goes in the same direction through all the coils except 
coil 2. With the millivoltmeter across bars 1 and 2 as shown in diagram B a deflection will be obtained. 
With the millivoltmeter across bars 2 and 3 as shown in diagram C, a deflection in the same direction 
will be obtained. Although the current through the coilis reversed, the millivoltmeter reads the same 
as in the case of coil 1 because it merely measures the drop of potential across the coil and not the cur- 
rent passing through it. ‘The correct way to locate reversed leads is by the use of a compass as explained 


in the text. 


slot while direct current is being passed through the windings. The 
armature should be revolved slowly and as the slot having the 
defective coil passes under the compass, the compass needle will reverse. 
This trouble can be caused by the winder putting on the wrong colored 
sleeve on the start and finish of one coil; that is, by interchanging 
colors. 

Checking for Reversed Coil Leads Due to Use of Wrong Colors of 
Sleeves.—Another case of reversed coil or crossed leads occurs in loop 
windings and is caused by putting the wrong colored sleeves on two loops. 
This case is shown in diagrams A, B, C and D of Fig. 73. In diagram A, 
the bottom lead of coil 1 and the top lead of coil 2 have been connected to 
bar 3, and the bottom lead of coil 2 and top lead of coil 3 have been con- 
nected to bar 2. This reverses coil 2 as is shown by the arrows over each 
coil. When making a bar-to-bar test with the millivoltmeter leads on 
bars z and 1, the drop over one coil (coil x) will be obtained. Call this a 
normal reading. When the meter leads are put on bars 1 and 2, a reading 
that is twice normal will be obtained, but the pointer will point in the 
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same direction. Diagram B shows the reason for this double reading. 
The top lead of coil 1 connects to bar 1, and its bottom lead to bar 3; 
the top lead of coil 2 also connects to bar 3, and the bottom lead of coil 
2 is connected to bar 2. Hence, coils 1 and 2 are in series between 
bars 1 and 2. When the millivoltmeter leads are placed on bars 2 and 3, 
as in diagram C, the drop of one coil (coil 2) is measured and a normal 
reading is obtained, but the pointer points in the opposite direction. The 
reason for the reversed reading is that the lead of coil 1 makes bar 3, 
positive, just as if LZ, were directly attached to bar 3. When the milli- 


Vig. 73.—Another case of reversed coil leads that sometimes occurs in loop windings. 


This condition is shown in diagram A. On passing a current through the winding and with the 
millivoltmeter leads across bars and 1 as shown in diagram A, a normal deflection will be obtained 
on the meter. With the meter leads on bars 1 and 2 as shown in diagram B, a reading twice normal will 
be obtained, because the meter is across coils 1 and 2 in series. With the meter leads on bars 2 and 3 as 
shown in diagram C a reversed reading will be obtained. ‘The reason for the reversed reading is that the 
lead of coil 1 makes bar 3 positive just as if Li were directly attached to bar 3. When the meter leads 
are placed on bars 3 and 4 as shown in diagram D, a reading twice normal and in the correet. direction 
will be obtained. This is because the meter is measuring the drop of potential over coils 2 and 3 in 
series. 


voltmeter leads are put on bars 3 and 4, as in diagram D, a reading of 
twice the normal amount and in the correct direction will be obtained. 
This is because coils 2 and 3 are in series between bars 3 and 4. Hence, 
when making a bar-to-bar test, this type of defect is indicated by obtain- 
ing the following sequence of readings: first a double reading, then a nor- 
mal but reversed reading and finally, a double reading in the proper 
direction. A telephone receiver would give a high, followed by a low, 
and finally a high sound. The meter is more accurate, however, as it 
gives one more indication; that is, the direction of the current flow. 
Tests for Locating Short Circuits.—The remaining types of defects 
that are likely to occur while winding and connecting armatures, are 
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short circuits. Each type of short circuit has different characteristics 
and different methods must be used for locating them. The most 
common short circuit is a short between turns; that is, when one or more 
turns form a closed circuit. This affects only one coil. Using a milli- 
voltmeter in the bar-to-bar or drop-of-potential method of testing, a 
short circuit between turns in a coil will give a lower than normal read- 


Fig. 74.—Using a growler to test a small armature for shorts. 


If the iron keeper which is placed over the top slot is attracted, the coil in that slot is defective. 
In the foreground at the left is a portable testing transformer which is used for testing the winding and 
commutator for grounds. 


ing on the millivoltmeter scale. The magnitude of the reading depends 
upon the amount of the coil that is shorted out. A zero reading will be 
obtained when the coil is completely short-circuited, in other words a 
dead short. 

Use of a Growler for Locating Shorted Coils——The best method of 
locating shorted coils is to use a growler like the one shown in Fig. 74. 
An armature should be tested for short circuits by means of a growler 
after winding and wedging and before connecting the commutator leads to 
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the commutator. Then any shorts that show up after connecting are 
either in the commutator leads or in the commutator. 

Shorts between Coil Turns.—When using the growler, as shown in Fig. 
74, shorts between turns will cause the metal keeper to be attracted to 
two slots; that is, the slots in which the top and bottom halves of each coil 
lie. By studying the effect of each type of short separately, it soon 
becomes easy to determine and locate any shorts that may occur in the 
winding. For example, assume a 14-slot armature, coil pitch 1-and-7 
and that the growler test shows signs of shorts in four slots. Assuming 
that the coil turns are shorted and that the slots marked from the growler 
test are spaced 1, 4, 7, and 10, then slots 1 and 7 contain one coil and slots 
4 and 10 contain the second coil. The coil pitch and what can be seen 
of the coil helps to locate the bad coil. With the bar-to-bar test the 


Fie. 75.—Method of locating shorts that occur between top and bottom halves of coils in 
the same slot. 
In the growler test the iron keeper was attracted in slots 1,6 and 8. The coil pitch of the winding 


shown is 1 and 6. Take any slot which has shown signs of being shorted in the growler test, for instance, 
slot 1. Then count each way from this slot a distance equal to one coil pitch and if the two slots reached 
are the remaining ones that showed signs of being shorted from the growler test, the two coils are shorted 
togcther in the slots from which the count was started. Counting a coil pitch each way from slot 1, you 
reach slots 6 and 8 which were the other two slots that showed signs of being shorted; hence the short 
between the two coils must be in slot 1. 

millivoltmeter will give a low reading when it reaches the twc bars to 
which the lead of the shorted coil connects. This locates the coil without 
any further test. Shorts between coils in the same cell in a loop winding 
would come under the head of shorted turns, although the shorts are 
between coils, and if the two loops from the slot were cut open a light 
would be obtained between the two coils, although the circuit had been 
broken. 

Shorts between Top and Bottom Halves of Coils—The next type of 
short is one that occurs between top and bottom halves of coils in the 
same slot; this is commonly called a short between top and bottom coils. 
This is done to distinguish this type of short from the short between the 
coils in the same cell in a loop winding. This type of short forms a closed 
path, similar to a figure 8 and will affect two and three slots, depending 
upon the type of winding and the coil pitch. With a diametrically- 
split winding two slots directly opposite would be affected. With the 
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chorded-loop, split-loop, and split V-loop windings, three slots would be 
affected. 

Finding Slot in Which Short Is Located.—To find the slot in which the 
short is located, takeany one slot that the growler shows as shorted and 


Fie. 76.—Here is a good arrangement of a test bench for armature testing. 


The millivolimeter is mounted on an upright wood panel. The test light is a little behind and to 
one side of it, and the growler is directly in front of the tester. 


Fic. 77.—Small motor test board wired for 110- and 220-volt alternating-current and 
direct-current test circuits. See Fig. 77A for wiring diagram. 


calling this slot No. 1, count over to the right and to the left a distance 
equal to one coil pitch. Then if each count falls on a marked slot as 
shown from the growler test, the short is in the slot called No. 1, but 
if the count does not fall on a marked slot on both sides, take any other 
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marked slot and call it No. 1 and repeat the right and left count. This 

method is shown in Fig. 75. With the bar-to-bar test, a low reading will 

be obtained between bars 10 and 11, and 3 and 4, but this would not 

indicate anything more than that there were two shorts in the winding. 
Lamp 


D.C for use Fuse 
Elsewhere ta ae (8) Bank 


 ! 


Test Plug” 


ll0-V. 0.C. Generator <= 


Open Ends. L 


Fig. 77A.— Wiring diagram for test board shown in Fig. 77. 


(1) Double-throw, triple-pole switch. (2) Single-throw, triple-pole switch with fuses. (3), (4), (5), 
(6), and (7) Lamp sockets with female end of attachment plugs. (5) Lamp socket. (8) Fuse block 
using fuse wire. Plug in (8) is in series with alternating-current line only; in (4) is across line alter- 
nating current or direct current; in (6) uses first lamp for direct current; in (7) use both lamp banks for 
alternating current only. Socket (5) is across the line for alternating current or direct current. 


w-Bottom Half of Coil 
Os 7p Half of Coil 


Bi Coil ¢ 


Fic. 78.—How a growler is used in testing the stator winding of small alternating-current 
motors. 


From the above, it is obvious that the growler is the best means of detect- 
ing and locating shorts. 

Determining Whether Short is in Winding or in Commutator.—The 
growler will also show whether a short is in the winding, or in the com- 
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mutator. If two commutator bars show up as being shorted from the 
millivoltmeter test, put the armature on a growler and bridge the two bars 
with a knife, taking care that the coil to which these bars connect is 
in the active field of the growler. Then break contact with one bar. 
If a spark is seen at the time of breaking contact, the short is in the wind- 


Fic. 79.—Panel board for testing small stators for shorts, grounds, and unbalance. A 
wattmeter is used to check between phases and a voltmeter as a check on line voltage. 


ing; if no spark is obtained, then the two bars are shorted and the trouble 
is in the commutator. 

Locating Shorts between Coil Leads.—Shorts between leads occur 
mostly on armatures that are wound with more than one wire in hand 
and in which more than one wire is used per sleeve. Shorts of this kind 
are caused by the wires in the sleeve getting twisted. When pounded on 
while connecting, the insulation is broken, thus shorting the two coils. 
This acts the same as a short between turns 
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This trouble occurs mostly in the top layer of leads, for the bottom 
leads are usually put down as they come from the slot. The top leads 
have to be twisted and interchanged and sometimes the twist is pulled 
back close to the core. The very act of pulling the twist tight often 
results in a short. j 

Locating Shorts between Coil Ends.—Twisting and pulling of coils 
may be the cause of shorts between coil ends on any type of hand 
winding. ‘This is the hardest type of short to locate because one coil in 
crossing the end of the core from slot to slot, passes over a number of 
other coils, both top halves and bottom halves. There is no regularity 
about the occurrence of the attracted slot or bars when using the growler. 
A number of slots will show signs of shorts and they cannot be reduced to a 
regular order, as explained previously. You can be sure that the trouble 
is between coil ends, sometimes, by moving the end windings with the 
hand. If the trouble can be made to disappear and reappear, this proves 
where the trouble is, but if this method fails the following will locate the 
trouble: 

Remove all the top leads; then take a test light and attach one lead of 
the test circuit to any one top lead with a piece of bare, copper tie wire. 
Have this wire long enough to reach around the commutator. Then with 
the other test lead touch the top lead adjacent to the one to which the 
first test lead is permanently attached. If a light is obtained, it indicates 
a short between these two coils. In this case, tie the two Jeads together 
with the tie wire and at the same time mark both leads so they can be 
found later. If no light is obtained, tie both top leads together with 
the tie wire without marking the leads. ‘Then touch the test leads to the 
next top lead. After this tie this lead to the first two leads by the 
tie wire. Repeat this process with each top lead until the starting point 
is reached, marking every top lead that shows a light. These marked 
leads are the ones that connect to the coil shorted across the coil ends. 
With a bar-to-bar test, all kinds of readings would be obtained on the 
millivoltmeter, depending on the degree of contact and the number of 
places shorted. No definite results would be obtained with a bar-to-bar 
test in this case. 

Reasons for Variations in Readings with Bar-to-bar Test.—With 
the drop-of-potential or bar-to-bar test with a millivoltmeter, a short 
circuit in a coil will give a very low reading and also a poor contact 
will give a high reading. When making tests on hand-wound armatures 
there are a number of causes that contribute to high and low readings. 
When testing an armature that has the commutator leads connected but 
not soldered, if the leads fit easily in the neck, consistent readings may not 
be obtained because poor contact may increase the resistance of the coil 
under test. Hence a series of high and low or irregular readings will be 
the result. Other things that may cause a variation in the readings are a 
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large number of turns per coil, the use of small sized wire in the coil, or 
one or two turns may have been left out of the coil. Sometimes a cord or 
tape band put on tightly over the leads just back of the commutator will 
cause the leads to make better contact in the neck and give more con- 
sistent readings in the bar-to-bar test. When a low reading is obtained 
in the bar-to-bar test and if there is any doubt about it being a short, use 
the growler. 

Strip and Rewind When Troubles Cannot Be Located.— When a num- 
ber of troubles show up when testing a winding and trouble is experienced 
in finding them, it is always advisable to strip the armature and rewind 
it completely. Much time and expense will thus be saved and a better 
job the result. 


PART II 


REWINDING PROCEDURE FOR SMALL ALTERNAT- 
ING-CURRENT MOTORS 


CHAPTER XII 


TESTING AND LOCATING FAULTS IN SMALL ALTERNATING- 
CURRENT MOTORS WHEN RECEIVED FOR REPAIRS 


Before starting to dismantle a small alternating-current motor that 
comes into a shop for repairs, it should be given a thorough general 
inspection. For the reason that the first cost of a new motor in this 
class is very low, the repair costs must be kept as low as consistent with 
good workmanship. In some cases the repairs required will exceed the 
cost of a new motor or the motor will not be worth repairing. A general 
inspection will locate most mechanical faults and electrical troubles such 
as an oily switch, bent or sticking switch parts, etc. By switch is meant 
the centrifugal cutout switch used in the starting circuit of split-phase 
motors. This inspection will reveal worn bearings, starting or running 
windings burned out, or water-soaked coils. ‘These troubles are easily 
found but sometimes a motor which is apparently in good condition may 
not operate properly. 

How to Locate Troubles When Motor Will Not Start——When a motor 
has been found in good condition after a general inspection, it should be 
tested with twice normal] voltage (alternating current) from ground 
to the windings. If the windings hold up under this test and the trouble 
does not show up, it must be located in other ways. If the bearings are 
O. K. and the windings and connections are good, but the motor will not 
start, bring the motor up to speed and throw it on the line. The motor 
may be brought up to speed by winding a length of cotton tape or heavy 
cord around the shaft and then giving it a quick pull. After the motor 
has been started in this manner and thrown upon the line and it operates 
without heating or unusual noises, the running winding is in good shape, 
but the failure to start is probably due to an open circuit in the starting 
winding. To find this, remove the end bells and the rotor. Check each 
section of the winding with a test lamp from the leads to the switch, 
switch to the coils, and across each coil until the open circuit is located. 

If the motor will not start after being rotated by the tape method, 
but tends to jam and hum, there is probably a short circuit in the running 
coils. In such a case, remove the end bells and rotor and connect the 
running winding across the line. Place the blade of a screw driver against 
the iron in the center of each coil and pull it up and away from the iron 
to test the magnetic strength of each coil. The coil which has the least 
pull is the short-circuited one. In making this screw driver test, do not 
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leave the current on the windings too long or they will burn out. A small 
growler such as used for testing larger motors (Fig. 78) may be made up 
for testing the stators of small motors. Such a small growler is described 
on pages 7 and 223. 

How to Locate Troubles When Motor Starts but Will Not Pull Load.— 
If the windings seem to be in good condition but the motor will not pull 
its load, inspect the rotor to see if all the bars are making good contact, 
If poor contacts are found, resolder the rotor. Sometimes a motor will 
start but will not come up to speed on account of the fact that the springs 
on the centrifugal switch are too light or weak, and fly out before the rotor 
reaches the pull-in or running speed. 

If the trouble cannot be determined by any of these methods, it 
may be well to read the following chapters to learn how the windings are 
put on and connected. An understanding of the windings will often 
help the repair man to know just what the trouble is. 

Troubles with Starting Circuit Switch—When the switch in the 
starting circuit sticks in the open position and the motor is left on the 
line in this condition for any length of time the running winding will be 
burned out before the fuse will blow. When the switch sticks in the 


Fie. 80.—A -hp., single-phase, repulsion motor showing short circuiting device that 
should be carefully inspected when the motor fails to operate properly. 


closed position the motor will start and run, but the starting coils are 
across the line and will be burned out if left on any length of time. A 
starting winding is easier to replace than a running winding as the former 
is wound on top of the running coils. Quite often when a starting coil is 
burned out it also ruins the running coils. ‘This happens when the motor 
is allowed to run with a sticky switch. 

Causes for Repulsion Motor Failing to Start-——With the repulsion 
type of motor, failure to start is quite often due to the brushes being worn 
short, thus weakening the spring tension. A slight pressure of the centrif- 
ugal device may cause the brushes to move out of contact with the 
commutator before the pull-in speed has been reached. ‘To test for this 
fault put small blocks of wood under each spring, use blocks about 14 to 
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14 in. thick. This will restore the spring tension. Another cause of 
failure to start in this type of winding is that the brushes are off neutral. 
To reset them proceed as follows: Take a spare set of brushes and pare 
them down to a width of about 1, in. It is not necessary to pare the 
complete brush, the full length in contact with the commutator, to a 
depth of 1, in. being sufficient. With these brushes in place, locate the 
approximate neutral by inspection; that is, trace the leads of the coil 
that has its sides in the magnetic neutral region. The brushes should 
make contact to the bars that the coil leads connect to. Then with full 
line voltage applied to the windings, rock the brush arm until a point is 


Fre. 81.—Parts of a small single-phase motor that has been taken down for cleaning and 
thorough overhauling. 

reached where the armature will not start to rotate. Mark this point 
on the brush arm and collar, as this is the dead neutral. If the brush 
arm is shifted about }4 in. either side of this mark, the armature should 
revolve either clockwise or counter-clockwise depending upon which side 
of the neutral the brush arm mark is placed or, in other words, moving the 
brush arm from one side of the neutral mark to the other will reverse the 
direction of rotation. 

Locating Troubles in Universal Type of Motor.—There are two dis- 
tinct types of the universal motor. One is the straight series motor 
with laminated fields and this type can be inspected in the same manner 
as the ordinary type of direct-current motor. (See Chap.I.) Thesecond 
type is the compensated type such as is used in drills, ete. ‘This motor 
has the field put in the stator in the same manner as in an induction motor. 

The greatest, trouble experienced with the universal motor is the shift- 
ing of the field or stator within the frame thus throwing the brushes off 
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neutral. . In small commutating types, the brushes are sometimes located 
back of the neutral point and the coil pitch is chorded. Therefore, the 
best method of relocating the brushes is to arrange the front end bell so 
that it can be turned a little at a time and fastened in place each time so 
that the motor can berun. Use direct current whenever possible and shift 
brushes until a point is found where the motor delivers its maximum 
torque and runs with the least sparking and heating. When this point 
is found, note the distance that the serew holes in the end bell have been 
moved from corresponding holes in the frame; then turn the stator or 
field within its frame a like amount and in the same direction. 
Split-phase motors have two distinct windings; a main running 
winding and a high resistance starting winding which are connected to 
the circuit as shown in Fig. 82. The direction of rotation of the motor is 
reversed by interchanging the terminals of either one of these windings, 
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Fic. 82.—This diagram shows Fia. 83.—Neutral marking on rocker arm 
the connections to interchange of a repulsion-start motor. 
when the direction of rotation 
is to be changed. 
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but not both; that is, C and D may be interchanged or A and B may be 
interchanged. The reason for the reversal is the same as in a two-phase 
motor, one of the phases is reversed by interchanging the leads. 

Repulsion-starting motors have an armature winding, a commutator 
and brushholder similar to direct-current machines, the brushholder 
being short-circuited through the rocker arm. Reversal of the direction 
of rotation of these motors is accomplished by shifting this rocker arm 
relative to the supporting bracket, as shown in Fig. 83. An arrow is 
stamped on the movable brushholder, which may be put opposite any 
one of the three marks on the stationary bracket. The middle one of 
these marks is known as the neutral and, when the brushholder is in 
this position, the motor will not start in either direction. When the 
brushholder is shifted to one side or the other of this neutral, as indicated 
by the marks & and ZL, in Fig. 83, the motor will run right hand or left 
hand respectively. 
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Shading-coil motors have only a single winding connected to the line, 
and it is obvious that reversal of the terminals of this one winding will not 
reverse the direction of rotation, since the motor operates on alternating 
current. The obvious method of reversing the direction of rotation of 
such motor is to shift the short-circuited starting coils to the other side 
of each of the main poles. This, however, is quite difficult to accomplish 
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Fie. 84.—Field construction for a single-phase motor using a shading coil for starting. 


and it is usually much easier to reverse the motor by taking off both end 
brackets and turning the complete stator end for end relative to the rotor; 
or else by taking out the laminated core with the windings in it, and revers- 
ing it end for end relative to the rotor. 

Series motors of the commutator type are reversed by reversing the 
direction of current through either the armature or the field, just as in a 
series direct-current motor. 
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in which the coils do not overlap. 
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be followed and thus save the time necessary to work up the same infor- 
mation again. 

How to Get Winding and Connecting Information from an Old 
Motor.—After the nameplate data has been put down, the number of 
slots, the bore and length of the stator iron should be recorded and the 
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connections checked, whether series or parallel, ete. ‘Then, to make the 
stator easy to strip and to take data from it, connect it across full line 
voltage and allow current to flow through the windings (both running 
and starting) until they smoke and become hot. This will loosen all the 
varnish, oil, etc. and allow the wires to be pulled apart. 

The information on the starting windings should be taken first because 
they are usually on top. Most starting windings are skein wound. In 
getting the information, lift up the ends of starting coils so that you can 
see how many slots are skipped from one side of the coil to the other and 
the number of times the skein is put through each slot. Record this 
information. In A of Fig. 85, the starting winding skipped five slots as 
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Fig. 86.—Front and back of a tag showing the data that should be recorded before a 
smal] motor is stripped. This tag should be attached to the motor until repairs are com- 
pleted and the job tested out. 


indicated by the dots and slots 7 and 13 each contain one side of the skein. 
In slots 6 and 14 the skein is put through twice. The starting coils do 
not overlap each other. 

It is very important before removing the winding of a repulsion type of 
motor, to mark the slots in which a pole group starts. ‘The motor must 
be rewound so that the general line of the pole will be in the same position 
in reference to the brush as it is in the original winding. The reasons for 
this are given on page 122, Chap. XV. 

The data for the main or running winding is recorded next. This 
may be either a hand or skein winding. It is easy to determine which it is 
by inspection. The skein winding will show the ends crossing each other, 
whereas the hand-wound coil will have a neat, uniform appearance. The 
data in A of Fig. 85 shows that in the main winding, the slots 4 and 7 
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have thirty turns. Slots 2, 3, 8 and 9 have sixty turns, indicating that 
two turns of the skein were in these slots. The dividing line in slots 1 
and 10 indicates that the coils overlap. The data also show the position 
of the running winding in reference to the starting winding. All of this 
information should be put down on the winding card. ‘The card forms 
B and C of Fig. 85 show the winding data put down in a more simple 
manner. This may be followed when a man has had considerable rewind- 
ing experience. 

Information Needed for Hand and Skein Windings.—It is a good 
practice to employ the following rule for hand windings: Put down the 


Fig. 87.—Different shapes of slots used in stators of small alternating-current stators. 
A is the most common shape and requires care in winding since the wedged shape of the 
bottom of the slot tends to allow the insulation to break and forcing of the top coil in the 
slot will often ground the bottom half of the coil. C is another shape of slot often used. 
Bis the next most frequently used shape of slot in old fan motors. Itis a good slot to wind 
and insulate. Disa slot with the opening close to the slot side and off center. It is hard 
to insulate and wind. 


number of turns per slot as shown in A and the upper part of C in Fig. 85. 
For skein winding put down the number of times the skein passes through 
each slot, as shown in B and the lower C of Fig. 85. Put the main wind- 
ing data on top and the starting winding at the bottom. When coils 
overlap denote it by using a diagonal dividing line, asshown. Note that 
in all these cases the length of the skein and the pounds of wire total 
is put down. ‘The length of skein is the length of the completed skein 
and not the length of the entire wire before it is wound into the skein. 
The card form D in Fig. 85 is the data for a two-pole motor. Card 
form # of Fig. 85 is the data for a skein-wound four-pole motor in which 
the coils do not overlap. The data in this case indicate that one slot is 
skipped between each adjacent running coil and the starting winding is 
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passed through the slot four times. Also, the skein is passed through 
slots C and A twice, and through slots D and A twice, making four in A, 
two in C and two in D. If desired, this particular winding could be 
reconnected for eight consequent poles. 

Six Points to Note before Stripping a Stator.—In addition to the 
information outlined in the preceding paragraphs, the following points 
should be noted concerning the winding before it is stripped: (1) 
How windings are connected to starting switch and line. (2) Coil pitch 
inslots. (8) Sizes of wire used. (4) Kind of insulation on wires, whether 
single or double cotton covered or enameled. (5) Thickness of slot 
insulation and the kind used. (6) Whether coils fit tight or loose in 
slots. ‘This should be noted to see if the slot insulation thickness or 
covering on the wires can be increased. 


CHAPTER XIV 
INSULATING THE CORE AND THE WINDING 


As in the case of a small direct-current motor, the slots of the stator 
of an alternating-current motor must be thoroughly cleaned of all old 
insulation and varnish and all burrs and rough edges removed with a file. 
The slots are then ready for their insulation. Several methods of insu- 
lating the slots of small motors are in use; namely, fish-paper cell only; 
fish-paper and treated cloth cells; a combination cell only. 

Insulating Slots with Fish-paper Only.—When a fish-paper cell 
only is used it should be about 0.015 in. thick and should be cut to extend 
at least 1g in. beyond the fibre punchings. It should be of such width 
as to come just to the edge of the tooth tip; that is, it should not obstruct 
the slot opening when putting the wires into the cell. The cell should, 
of course, be formed to fit the slot if possible. After the slot is wound 
a lo or 14g in. thick fibre strip of suitable width should be inserted in the 
top of the slot under the teeth and between the teeth and the fish-paper 
cell. This fibre wedge should extend at least 1g in. beyond the 
punchings. 

The starting winding of split-phase motors should be insulated in the 
slots from the main winding by a fibre strip as wide as the slot, or by an 
additional fish-paper cell. Where an additional cell is used, the first 
fish-paper cell into which the main winding is wound should be folded 
over and the second fish-paper cell placed on top. The starting winding 
should be insulated from the main winding on the ends with drilling or 
light canvas in case considerable shapingis necessary to form the windings. 
Where shaping of the end windings is not necessary, no insulation is 
required between the main and starting windings except that provided 
on the individual wires and by the insulating varnish which is applied to 
the completely wound stator. 

Insulating Slots with Fish-paper and Treated Cloth.—Cut insu- 
lating cells of 0.007-in. fish-paper for the slots. These should be about 
1g in. longer than the slot and should come just below the top of the slot. 
In addition to this a tan treated-cloth slider of the same shape should be 
used in each slot, or 0.007-in. fish-paper may be employed as a slider. 
When the coils overlap, a treated-cloth cell for the top coils should be 
cut 14 to 1 in. longer than the slot in order to protect one coil from 
another. After the wires are inserted, the treated-cloth cell should be 
cut off flush with the slot and folded over, and a fiber wedge inserted as 
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in the case when the fish-paper cell only is used. Also, in slots that 
contain both a running and a starting coil, asin the case where fish-paper 
only is used, put a treated-cloth (0.005 to 0.007 in. thick) cell between the 
two coils. It is good practice to use 0.010 in. asbestos paper between the 
running and starting coils. The reason is that the starting winding is, 
nine times out of ten, the one which burns out when the motor stalls. 
In some cases the starting winding is completely roasted out. If there 
is no insulation between this winding and the running coils, the heat will 
burn the insulation off the running winding, which will cause short cir- 
cuits and burn out of the entire winding. The use of asbestos paper 
will confine the burning to the starting winding alone. ‘This is the top 
winding and the easiest to remove and rewind. 


Fig. 88.—Method of tying the running and starting windings together after the stator 
has been wound and al! the leads are in place. 


When cutting the fish-paper for the slot cells, be sure that the grain 
of the paper runs parallel to the length of the slot. If a treated-cloth 
cell or slider is used in connection with the fish-paper cell, the latter can 
be cut off flush with the top of the slot. The only material then project- 
ing through the slot opening will be the two sides of the treated-cloth 
slider. It is important in a skein winding to have some insulation pro- 
jecting from the slot to protect the wire as it is fed into the slot. 

Insulating Slots with Combination Cell With hand-wound stators a 
combination insulation (see page 27, Chap. III) cell can be used cut flush 
with the top of the slot so that the full opening of the slot is available. 
The combination cell should be inserted so that the fish-paper side is 


INSULATING THE CORE AND THE WINDING 119 


next to the iron to protect the treated-cloth insulation. It is easy to 
guide one wire into the slot without damaging the insulation on it. 

Varnishing and Baking Winding.—AJ] small motors should be dipped 
in varnish and baked, after they are completely wound and insulated. 


Re. . 4 
Fig. 89.—Single-phase motor with new winding completed and ready for final assembly 
of parts. 


Any good grade of insulating varnish which does not bake too hard will 
be satisfactory. Some insulating varnishes require a longer time to bake 


Fig. 90.—_Note how the windings of this single-phase motor are bound together and the 
way the leads are brought out. 


than others, and some require higher temperatures than others, but in 
no case should the temperature exceed 250°F’. and the length of the baking 
time should never be less than four hours. About eight hours is a safe 
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time. Before immersing the wound primary into the insulating varnish 
it should be heated for two hours at 120°F. to permit it to dry out thor- 
oughly. It should then be immersed immediately into the insulating 
varnish and allowed to remain there until bubbles cease to rise. Then 
remove and allow to drip from 30 to 45 min. 

Tying Ends of Coils with Cord.—It used to be the practice to tape the 
ends of coils with cotton tape. Usually this ts not needed but the ends 
must be tied together with a cord. However, in cases where the winding 
is exposed to dust, etc., the ends should be taped. 

Figure 88 shows the method of tying the running and starting wind- 
ings together. This 1s usually done after the motor has been connected 
and all the leads are in place. The cord used is about 149 in. in diameter. 
To facilitate the cord being pushed through the space between slots and 
the winding close to the core, a needle can be used, made by bending a 
piece of bare No. 17 copper or banding wire into a hairpin and twisting 
the free ends together. 

On fan motor stators, enamel-covered wire is sometimes used, but on 
the stators used in the larger motors, single cotton and enameled wire is 
more satisfactory. 

‘End Rings to Protect Overhanging Coils.—To protect the overhanging 
coils from rubbing against the iron of the core and producing grounds, 
a 1/¢-in. fibre ring should be cut to fit the ends of the stator core and 
shellacked to the iron. 


CHAPTER XV 


HOW TO MAKE UPA SKEIN AND WIND IT IN SMALL ALTERNAT- 
ING-CURRENT STATORS 


In practically all small, alternating-current motors, single cotton- 
and enamel-covered wire can be used. After the length of the skein 
is determined from the data recorded when the stator was stripped as 
described in Chap. XIII, page 115, it is wound by means of the shuttle 
shown in Figs. 91 and 92. The pegs are set at the proper distance and the 
shuttle is turned on its axis until the proper number of turns are put on. 
Then the skein is taken off and wound into the stator slots. 
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Fig. 91.—Construction details for an adjustable shuttle for winding skeins. 


Winding a Skein on the Stator.—The drawings in Fig. 98 show the 
different steps in putting a skein in the stator slots. Figure 94 shows a 
two-pole stator with one coil in place and the second coil partly wound. 
This also shows what is known as a split-skein. When the size of wire 
is larger than No. 19 and the total turns per skein make a bunch 14 in. 
square or larger, the skein 1s wound in two sections to make it easier 
to handle. The winding of a split-skein is described on page 126. 

The different steps shown in winding the skein in Fig. 93 follow the 
data in A and B of Fig. 85, page 113. At A, of Fig. 93, the skein is shown 
started in slots 4 and 7 with the lead end of the skein at the bottom 
of the drawing. ‘This satisfies the center part of the data shown in A, 
of Fig. 85. This data is 1-0-0-1, so that the winding is in slots 4 and 7. 
Two slots in between are skipped. 
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How to Start Winding in Proper Place on a Stator.—In most cases 
it is necessary to start the winding at a certain point on the stator. With 
the repulsion type of motor the coils must be put back in place in the same 
arrangement as the original coils. If they are shifted with reference to 
the brush rigging, i may be difficult to fit the brushes so that the motor 
will operate correctly. The neutral mark and the rotation mark on the 
brush shell will have to be relocated. If the coils are shifted too much 
the motor cannot be made to operate properly. 
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Thisis the running winding of the motor for which data is shown in 
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Fie. 92.—This illustration shows how the shuttle in Fig. 91 and the reel of wire should be 
mounted when winding skeins. 


In any type of motor, care must be taken to start the winding at 
such a point that when completed it will not rub against the studs or 
bolts which pass through the core and hold it together. Figure 94 shows 
how a coil should be placed so that the thick or high part of the completed 
winding falls in between the studs. If this is not done the high part of 
the winding will rub on the bolt when the motor operates and this will 
result im grounding the winding. Figure 94 shows a two-pole stator, 
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Fie. 93.—Steps from start to finish when putting on a skein winding. 
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which is one of the hardest to wind and shape. The upper coil shows the 
proper position for a two-pole coil in reference to the studs. The lower 
coil, which is just started, is in the proper position for a completed four- 
pole winding A general rule for locating the coils for two poles and four 
studs is that the outer coils should lie in the slots midway between the 
studs. or four poles and four studs the outer coil, or the last one wound 
on, should lie in the slot above the studs. 


Fic. 94.—A skein winding partly completed on a two-pole stator. 


The top coils represent one-half of the running winding, which is already in place. The other half ot 
the winding has been started below. This is a split skein winding. One-half of the winding is shoved 
through the opening at a time and then the other half is brought through and placed in the same slot. 
Notice how the coils are placed with reference to the studs which hold the end bells of the motor in 
place, This picture also illustrates a convenient holding clamp. 


The first turns of the skein should be shaped to conform to the curva- 
ture of the stator bore. They should be bent down to allow room for the 
starting winding to be placed on top of them. Figure 94 illustrates this 
method of shaping the coils. Care must be taken to keep kinks and 
twists out of the wire. Also each coil must be pressed tightly against the 
core and against any other layers of coils which have been put in before. 
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If this is not done there will not be enough of the skein left to make the 
last turn of the skein. 

After the first turn is put in the slots as shown in A of Fig. 98, the 
skein is twisted as shown in B. The right-hand side of the skein is 
twisted over the left-hand side so as to make the side a change place 
with the side d. The skein is then bent over and pushed through the 
opening in the stator and the side a is threaded into the slot 8, while the 
side d is threaded into slot 3, as shown at C. The skein is twisted again 
at D, and pushed through the hole in the stator and threaded again into 
the slots 3 and 8. This leaves the winding as shown at E, which satisfies 
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Fie. 95.—How to make a loop in a skein or a single-wire, handwinding when fitting 
the coil turns into the slots. This is an easier method of winding than that shown in Fig. 93 
for the entire skein (when used) need not be pushed through the opening in the stator. 


the directions 2-1-0-0-1-2. At F theskeinis twisted ready to push through 
and thread into slots 2 and 9 as has been done at G. Another twist is 
made at H and the skein is brought back through slots 2 and 9, as shown 
at I. The remaining length of skein is given another twist at J and 
threaded into slots 1 and 10. This completes the coil and satisfies the 
entire winding data, which is 1-2-2-1-0-0-1-2-2-1. It makes no difference 
which way the skein is twisted each time as the polarity of the coil will 
not be affected, nor will the coil sides neutralize each other after a change 
of twist. 

Easy Method for Winding a Skein.—The method of putting on a 
skein winding which has just been described, is the one which involves the 
least possibility of making mistakes. A study of this method should 
result in a clear understanding of the principles of skein winding and of 
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the position of the skeins upon the stator. There is, however, a quicker 
and easier method of winding a skein which may be used by an experi- 
enced winder. This method does not require pushing the entire skein 
through a small stator opening. Instead, a small loop is made in the 
skein and this alone is shoved through the opening, after which it is 
fitted into place in the slot. "The drawing in Fig. 95 shows this method 
and Fig. 101 (Chap. ¥ VI) shows the same principle in use with a 
single wire in a hand winding job. In winding with this method a twist 
or a loop similar in shape to the small letter e is put first in one side of the 
coil and this loop is slipped through and the wires are placed in the proper 


Fie. 96.—Mould for winding skeins. Note that there are two grooves for each size 
of skein permitting the winding of two skeins of the same size or one split-skein. In 
winding a split-skein, one half is wound in one groove and the other half in the other groove 
and the two halves tied together separately. This mould is split through the center so as to 
be adjustable for different sizes of skeins. 


slot. Then the loop is made in the other side of the coil and the second 
loop is sipped through. A little practice will enable a winder to master 
this method. 

When a Split-skein Can Be Used.—As already mentioned, when the 
wire is larger than No. 19 and the skein is over 14 in. square, it should 
be wound in two sections to make it easier to handle. When winding the 
skein upon the shuttle, half of the total turns are wound on. Then the 
skein is tied in two places with a cord or tape. Without cutting the wire, 
the rest of the skein is wound upon the first section with a space between. 
The crossover of the single wire from the first section to the second 
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section should be made at the end of the skein opposite to the lead end. 
This crossover end is put in the motor first. The winding is started in 
the same way as when winding askein whichis not split. After the wind- 
ing is in the first two slots, however, before the first twist is made the 
two halves of the winding are separated. Then the twist is taken in the 
top half of the skein and this is shoved through the opening of the stator, 
and the coil sides are put in place in the slots. Then the other half of 
the skein is twisted and it is shoved through and the coil sides put in 
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Fie. 97.—This illustration shows coils wound as a three-gang group and asa skein. Note 
the connections between the gang wound coils. 


place on top of the preceding ones. In Fig. 94 the upper section of the 
skein is shown crossed ready to put through the slot. After both sections 
are put through the slots, the stator is turned around and the operation 
repeated. This time the lower section of the skein is on top. 

With the split winding as well as the simple skein winding, instead of 
shoving the entire skein through the slot the simpler method can be 
used as already described. This is the method in which a small loop 
only is shoved through the opening. 

When putting the main winding in the slots in which the starting 
winding also will go, room must be left for the starting winding. ‘Two or 
more loose fitting fiber wedges should be put into the slot into which the 
starting winding goes. 
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When putting in a skein winding after each twist there will be a 
tendency for the wires in each section to cross and twist. When this 
occurs, work such crosses and twists into the slot just finished. This 
can be done with finger and thumb. 

How to Bring Out Stator Leads.—To determine which side of the 
stator the leads will come out on with a skein winding, count the number 
of times the skein passes through the slots on one side of any pole. In 
Fig. 85, form B, the left-hand side of the running winding data, (top 
line) shows 1-2-2-1, or a total of six. With an even count the leads will 
come out on the opposite side started on. In Fig. 93A, the leads point 
towards the bottom of the page in starting and at the finish, as in Fig. 
93K, the leads point upwards. With an odd total, the leads will come 
out on the same side started on. 

How to Calculate the Length of Skein to Use-—When the length of a 
skein cannot be obtained from the old winding or the motor has been 
stripped without saving a complete skein, the length required can be 
roughly obtained by trial with a single wire. This wire should be laid 
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Fig. 98.—Diagram for finding the length of end loops of coils that extend past the ends of 
the slots. 


in the slots exactly as the skein of wire will be laid, making proper allow- 
ance for the building up of the skein ends from slot to slot. Then remove 
the wire and measure it. Make up a trial skein of this length and wind 
it in the slots. One more correction in length will usually be enough to 
make the skein fit and this can then be used for making up the others. 
This is a quicker and about as satisfactory a way of getting the length 
of skein as to spend the time to calculate it. 

When a winding is so burned or damaged that a complete skein cannot 
be removed and saved, the number of times a skein is looped through 
each slot and the number of turns in the skein and the distance the ends 
of the winding extend out from the ends of the slots should be noted. 
Then measure the average diameter (D) of the stator; that is, from the 
center of the slot depth on one side to the center of the slot depth on the 
other as shown in Fig. 98. The pole pitch can then be calculated from 
the formula: 
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Pole pitch = (3.14 X D) + number of poles. When D is measured 
in inches, the pole pitch will also be in inches and represent the distance 
from the center of one slot to the center of another a pole pitch apart. 
Then compare this distance with the nearest slot centers that fit this 
distance on the stator and layout the actual distance in inches as checked 
on the stator, on a straight line as shown in Fig. 98. Mark this line, pole 
pitch at slot centers, as shown. Then mark the distance the complete 


Fia. 99.—This illustration shows a split-skein being wound in the slots. The skein has 
been split into three sections. The first or bottom section is shown twisted and being 
wound into the slots first to reduce the piling up of the ends. 


winding extends from the end of the slot as E and draw in the lines repre- 
senting the number of times the skein is looped through the slots. Bend 
pieces of bare wire the length of lines 1, 2, 3 and 4 and measure them. 
Then multiply each of these lengths by the number of times the skein is 
looped through each slot and add up these dimensions. This will give 
the length of the skein projecting out one end of the slots. Multiply 
this by 2 and this is the length of both ends. The length of skein in the 
slots when added to length at the ends will make up the total length of 
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skein. This length in the slots is found by measuring the length of slot 
and multiplying by the number of times the skein is put through the core 
and then by two to include the two slots the skein is put in every time it 
is put through the core. From these dimensions 2 trial skein must be 
made up and wound in the slots. If too short or too long, a correction 
must be made and the skein wound in again. It will thus be seen that 
this method is a cut and try one as in the case where one wire is used to 
make up a trial skein. 


CHAPTER XVI 
HOW A HAND WINDING IS PUT ON A STATOR 


When winding a small-alternating current motor stator by hand, 
one wire is threaded in at a time. The wire is unwound from a reel and 
cut at the finish of each coil. This type of winding is resorted to when the 
wire is large or when the slots are high and narrow. In a hand winding, 
the wire is formed into a loop like the letter “e,’’ as shown in Fig. 101. 
This loop is formed usually with the right hand, and then pushed through 
the stator opening and grasped with the first finger and humb of the 


Fie. 100.—Completed single-phase stator with starting winding skein wound and running 
or main winding hand wound. These windings are shown tied together with cord. 


left hand and at the same time guiding the wire into the proper slot on 
the side of the pole furthest from the winder, as in Fig. 101, which shows 
the wire ready to enter the slot. Then the left hand guides the wire 
into the proper slot on the near end of the pole, the wire being held in its 
proper place across the back end with the left hand, while the wire is 
pulled tight with the right hand. 

Starting Hand-wound Coils~—Hand-wound coils are started in the 
two inside slots in the same manner as a skein winding. When these two 
slots are filled the next two are started. As may be seen from A, Fig. 102 
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slots 3 and 5 are first filled, then slots 2 and 6, and last, slots1 and 7. 
The last section of coil B also overlaps coil A in slot 7. In the winding 
shown in A, Fig. 102, the wire is cut after each coil is in place and the 
sleeving is put on. The coil ends are later connected up to form poles. 
(See Chap. XVII.) Each succeeding coil is wound in the same direction. 
For instance, the wire is started in slot 1 and wound across the back to 
slot 5 and then in succession to slots 2, 6, 1 and 7, making clockwise wind- 
ings in all cases. Likewise coils 


B, C and D are all wound in the jel | 
same direction. Pro. 


How to Keep Wires from Climb- 
ing above Core.—To keep the wind- 
ing from climbing up above the 
core, it is a good plan to use pieces 
of round cold-rolled steel, cut-in 8-in. 
lengths. These should be about l<, 
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Fre. 101.—This is the way the loops of a Fia. 102.—These diagrams show the 
hand winding are slipped through the open- out-and-in-method of connecting a skein 
ing and into the slots. A skein winding or hand winding. 
may be put on in the same manner after the 
winder has had some experience. 


In the upper part of 4 is shown the method of connecting up a skein winding after it isin place. At 
the lower part of A is a diagram showing the connections for a hand-winding in which the wire is cut 
between coils. Note that in both of these cases when the current is assumed to come “out” of the 
finishing lead of one pole, it passes ‘‘in” on the starting lead of the next pole. The coils are all 
wound in the same direction, clockwise. It is not necessary to cut the leads of a hand winding if it 
is put on as shown in B. In this case, the first coil is wound clockwise, the second counter-clock wise, 
the third clockwise and the winding is continued in this manner. It will be noted that the coils form 
alternately north and south poles. 


36 or 14 in. in diameter. They should slide easily into the slots but be 
too large to pass out of the opening at the top of the slot. These bars 
are placed in the slots reserved for the starting winding and the wire is 
wound underneath them as shown in Fig. 103. The wire goes up to the 
bars but the slot holds them down so that there will be room for the start- 
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ing winding. The dotted lines in Fig. 102 indicate the way the leads 
are connected together to get the right polarity. 


— 


> RODS IN SLOT. 


Fie. 103.—In hand winding steel rods are Fic. 104——How the completed running 


placed in the slots which are to be left vaeant 
when putting on the running winding. The 
wire is wound around underneath these rods, 
which hold the coils down and reserve room 
for the starting winding to be put on later. 


and starting coils look after being bound 
together with cord. This is a }<-hp., four- 
pole, 60-cycle, 110-volt motor. The running 
eoils are hand-wound, while the starting 
coils are skein-wound. 


Fie. 105.—A single-phase, 34-hp. motor with the windings on the rotor. 


The main winding is hand wound and the starting winding skein wound. The switch shown at the 
left is in the form of a collector ring having two rings and three terminals. One terminal has both 
a starting and a running lead connected to it, another a running lead and the third a starting lead. 
The starting circuit is broken when the motor reaches about 75 per cent of full speed. 


Winding Coils without Cutting the Wire between Coils.—It is 
possible to eliminate some of the soldered joints between coils of a hand 
winding by winding alternate coils in the opposite direction and not 
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cutting the wire between coils, as shown in B, Fig. 102. Coil A, in B 
of Fig. 102, is wound in the same direction as coil A, in A, of Fig. 102, but 
the wire is not cut at the finish of the coil in B, Fig. 102. It is brought 
around to slot 11 of coil B, then across the back of the stator to slot 9 


Fic. 106.—-Putting the running winding on a small stator. The starting coils are skein 
wound and put on as soon as two running coils are in place. 
The skein coils hang on the rack in front of the winder. Note the rack for the wire reel under the 


bench and the device to keep the wire from springing over the edge of the reel. The Z shaped pi 
of iron with a hole for the wire, mounted on the side of the reel sags the wire za keeps it foo inceiing. 
Also note the tin gutter along the edge of the bench to prevent small tools from rolling to the floor. 
and successively through slots 12, 8, 138 and 7. This coil B is wound 
counter-clockwise as indicated by the small circles with arrows. Coil C 
is wound in the same direction as coil A and likewise coil D is wound the 


same as coil B. This method of winding saves cutting the wire and 
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soldering, and does not require checking and grouping of coils later on. 

In Fig. 105 is shown a type of single-phase motor in which the rotor 
carries the running and starting windings, while the stator forms the 
squirrel-cage winding. The rotor is hand wound, both running and 
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Fig. 107.—Chart showing distribution for a 4-pole, 36-slot motor. 
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starting windings and to eliminate leads, the coils are wound without 
cutting the wire between them as shown in Fig. 102B; that is, every other 
coil is wound in an opposite direction. 
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Fig. 108.—Chart showing distribution for a 6-pole, 36-slot motor. 


Figure 106 shows a winding bench used in a large factory. The 
girl in the foreground is putting in a hand winding. Note the loop in 
the wire and the wire rack at the foot of the bench, also note that the 
starting coils are put in as soon as two running coils are in place. 
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Fig. 109.—Chart showing distribution for a 2-pole, 24-slot motor. 


The remarks regarding the location of the winding in reference to 
the field stud bolts, given in Chap. XV, page 122, also apply to a hand 


winding. 
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Fig. 110.—Chart showing distribution for a 4-pole, 24-slot motor. 


How Starting and Running Windings Are Distributed in Slots.— 
The pitch of coils as wound in the slots varies with number of slots and 
number of poles of the motor stator. For a 36-slot, 4-pole stator the 
arrangements shown in Fig. 107A and B can be used, The arrangement 
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shown in A of Fig. 107 is most common for the reason that the starting 
winding is less concentrated. When the distribution shown in B of 
Fig. 107 is used the starting winding would not have as advantageous a 
distribution as in A, and a smaller size of wire would be required for the 
main winding because the number of wires per slot would be larger for 
the same effective number of turns and consequently the copper loss 


al I 


Fic. 111.—The start (left) and finish (right) of a skein winding for one pole group. Note 
the twist in the skein before inserting it through the slots the second time. 


would be higher. Under some conditions of pole and slot combinations 
it may be satisfactory to use a winding distribution so that adjacent 
main poles do not lap. In A of Fig. 107 the main winding of one pole is 
shown wound in slots 1, 2, 3, 4 and 7, 8, 9, 10, and the starting winding 
in slots 8, 4, 5, and 6. ‘The numbers in the squares of the arrangement 
diagram indicate the number of times the skein passes through each slot. 


_— 
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In Fig. 108 the winding arrangement for a 6-pole motor with 36 
slots is shown. Figure 109 is for a 2-pole motor with 24 slots and Fig. 
110 for a 4-pole motor with 24 slots. These are the number of poles 
and slots most used. 

When a skein is used the length of skein (See Chap. XV for finding the 
length required) for the starting winding is found in the same way as 


Fie. 112.—The start of a hand winding in a single-phase stator. 


Note that the wire from the reel is held in the operator’s right hand and the loop made in the wire 
as it is put into the slots is caught and held by the first finger and thumb of the left hand. The left 
hand guides the wire around the coil ends and into the proper slot, then the wire is pulled tight with the 
right hand. The slack is then pulled from the reel and another loop formed and pushed through the 
stator with the right hand as before. Note the position of the coil in reference to the stud bolts. Also 
note the wooden pin through the stator slot at the center of the coil used to prevent the wire from 
climbing above the stator bore. A convenient stand and holder is shown in this illustration. 


for the running winding and is put on last above the running winding in 
the slots as shown in the diagrams of winding arrangements. It is 
usually located with respect to the running winding so that the pole center 
of the starting winding is midway between the pole center of 
the main winding. This is a resistance winding and its length should be 
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the same in a rewound motor as in the original winding so that its resist- 
ance will not be materially changed. 

In most cases the starting winding for a single-phase motor is skein 
wound and the main or running winding hand wound with a single wire. 

Mould and Hand Winding.—The mould-winding method issometimes 
employed in winding small motors of the induction type. It takes its 
name from the fact that the pole coils are first wound on a mould, and then 
placed in the slots. In most cases one pole set of coils is wound together 
so that individual coils do not have to be connected together after being 
placed in the slots. As far as the final results are concerned, the mould 
type of winding has the same general appearance as the hand type. 
Any mould-wound small motor can be hand wound; that is, one wire at a 
time wound in by hand—when it is repaired. The winding diagram of 
both the gang- and mould-wound, and hand-wound motors is the same. 

The starting windings of motors with either mould-wound or hand- 
wound main windings are generally skein wound, although they too may 
be mould-wound, but they should not be hand wound because the resist- 
ance of the starting winding is very important and, in the case of a hand 
winding, would vary too much. When the starting winding is mould- 
wound, and no mould is available for rewinding, it is necessary to measure 
the entire length of the starting winding coil of one pole of the motor to 
be rewound and to wind the same amount of wire into the slots. 

Main Features of Single-phase Motors.—Single-phase motors can 
be roughly divided into two classes: (1) The split-phase type having 
two windings, one used while starting and the other when running, with a 
squirrel cage rotor; the repulsion-start type having one running winding 
with a wound rotor. 

In the split-phase motor the starting winding is of high resistance and 
small inductance while the running winding is of high inductance and 
low resistance. These two windings are placed in the stator 90 electrical 
degrees apart; that is, the center of a starting winding lines up midway 
between the centers of two coils of the running winding and is cut out of 
the motor circuit by a centrifugal switch just before normal speed is 
reached. 

In the repulsion-start motor, the primary winding is on the stator and 
is similar to the running winding of the split-phase motor. The rotor 
has a commutator and brushholder similar to a direct-current motor, 
except that the brushholder is short-circuited through the rocker arm. 
The stator usually has a bipolar winding. The stator winding is con- 
nected to the single-phase supply and the motor starts because of the 
repulsion between closely approaching poles of like sign on the stator and 
rotor. 

The shading-coil type of motor has a main field winding connected to 
the single-phase supply in connection with which a small bare copper 
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short-circuiting winding is used on the field pole. This shading coil is 
off dead center with respect to the main field flux while the current in 
the rotor winding is symmetrical with respect to the main field. On 
starting, the pole produced in the rotor winding is repelled by the similar 
pole produced in the field winding, tending to cause the rotor to turn 
toward the shading coil and thus start the motor. The objection to this 
type of motor is that it runs only in one direction and cannot be reversed. 


Fic. 113.—Completed stator winding ready for assembly of rotor and end bells. 


In some designs both end brackets can be taken off and the complete 
stator turned end for end in respect to the rotor. This will reverse the 
direction of rotation. 

In the case of the split-phase motor, its direction is reversed by inter- 
changing the terminals of either the starting or running windings, but not 
both. The repulsion-start motor is reversed by shifting the brushholder 
to one side or the other of the neutral position on the rocker arm. 


CHAPTER XVII 
CONNECTING A SKEIN-WOUND OR A HAND-WOUND STATOR 
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Fie. 114.—In the upper part of A is 
shown the method of connecting up a 
skein winding after it isin place. At the 
lower part of A is a diagram showing the 
connections for a hand winding in which 
the wire is cut between coils. 

Note that in both of these cases when the 
current is assumed to come “out” of the finish- 
ing lead of one pole, it passes “in”? on the 
starting lead of the next pole. The coils are 
all wound in the same direction clockwise. A 
consequent-pole motor_having four coils and 
eight poles is shown at B. The diagram shown 
here is for a series connection. 


After a winding is in place on the 
stator, the next job is to connect it 
up. An easy way to tell which leads 
should be connected together, is to 
use what is called the in-and-out rule. 
When one has learned to apply this 
rule it will not be necessary to use a 
compass test for polarity. 

Connecting Up Coils of Hand- 
wound and Skein-wound Stators.— 
Diagrams A and B in Fig. 114 will 
help to explain this method, which 
applies to both the running and start- 
ing windings of either hand-wound or 
skein-wound stators. First, take the 
running coils and bring out the leads 
as shown in diagrams A or B, Fig. 
114. The starting and finishing leads 
of each coil should be brought out to 
the same side of the stator. The 
drawing A shows how the leads on 
a skein winding will appear. To 
make sure that the leads a and d 
belong to the same coils, test them 
with a test lamp. Then take any 
convenient lead to start with and 
assume that the current is flowing 
into the coil through this lead as is 
assumed for the lead in slot 3 of A, 
Fig. 114. Then the current must 
flow out of this coil through the finish- 
ing lead in slot 7. Now the problem 
is to know which lead and which coil 
the lead in slot 7 should be connected 
to. If the current in slot 7 is out, 
then the current in slots 7, 8 and 9 
must also be coming out as shown by 
the arrow. Then the starting lead 
140 
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of coil B is out, whereas an in lead is desired to take the current coming 
from coil A. The lead of coil B which is in slot 13 is an in Jead and, 
therefore, the lead d of coil A in slot 7 is connected with the lead d of 
coil Bin slot 13. Follow this in-and-out rule throughout and the connec- 
tions will be correct. 

To state the rule briefly, connect an out lead to an in lead of the next 
adjacent coil. Or it may be worded in this fashion: Connect a start- 
ing lead to a starting lead and a finishing lead to a finishing lead. Then 
if a starting lead is picked out for the first lead of the entire winding, the 
last lead will also be a starting lead. The last lead will be a finishing 
lead if a finishing lead is picked out for the first lead. With a skein 
winding the leads to the left can be called the starting leads. 

How to Determine Direction of Rotation.—By using the above rule 
for connecting the coils, it is possible to have the motor run in any desired 
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Fie. 115.—A small dummy rotor like this can be used to tell the direction of rotation. 


When this rotor is held inside the opening it will revolve in the same direction as the real rotor will 
turn when it is put in the motor. This little rotor may be used for testing the direction of rotation of 
large motors. It is held inside the stator close to the iron and moved around the core. 


direction. If a starting coil is connected so that it has the same polarity 
as an adjacent running coil, the rotor will turn from the running coil 
toward the starting coil. The reason for this is that when connected to 
the line, the current in the running coil is at a maximum a short time 
before the current in the starting coil is at amaximum. This means that 
the shifting or revolving magnetic pole produced by a combination of the 
starting and running windings travels from the running winding to the 
starting winding of the same polarity. The rotor is dragged around in 
the direction in which this magnetism moves. To test the direction of 
rotation after the stator is connected, a small dummy rotor may be made 
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up as shown in Fig. 115. Starting and running windings are connected to 
the line as they would be in starting conditions and this dummy rotor is 
held inside of the stator. It will revolve in the direction in which the 
motor would turn. If it is necessary to reverse the direction of rotation 
the starting leads should be interchanged. 

Connecting Various Types of Single-phase Motors.—Figures 116, 117 
and 118 show the connections for various types of single-phase motors. 
In Fig. 116 are ordinary connection diagrams for motors of two, four, six 
and eight poles. These diagrams also indicate the different methods of 
connecting the starting winding. In all the diagrams the heavy full 
lines represent the main windings and the dotted lines the starting 
windings. The small split inner circles indicate the centrifugal switch 
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Fie. 117A winding diagram for a consequent-pole motor having four coils and eight 
poles is shown with a series connection of coils at the left. 


which is in the circuit of the starting winding. The diagram A, in Fig. 116 
shows one starting coil connected on each side of the switch, while B 
shows the two coils in series on one side of the switch, while a dummy lead 
is brought from the other side of the switch. For four-pole motors, the 
diagram shown at F in Fig. 116 is probably the best one to use. 

The drawing in C of Fig. 118 shows how to connect a small hand- 
wound compensated repulsion-type motor (type R I, General Electric 
Company). Note that there is no connection between the compensating 
winding and the line. 

The stator of a four-pole single-phase (Westinghouse, type AR) 
repulsion-type motor is shown in Fig. 119. This is a coil-wound machine 
with a concentric winding of six coils in each group. The sixth coil in 
each group overlaps the sixth coil in the adjacent group. Six different 
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sizes of coils are required and four of each size. Each coil is threaded in, 
starting with the smallest coil, then the ends are taped from slot to slot. 
Four leads are brought out for series or parallel connections. 


Series parallel (Consequert poles) 
44 poles 
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Fic. 118.—A special two-speed winding and connections for a repulsion-type motor. 


The two-speed winding shown in A, B, and C may be connected by means of the switch for either 
two poles or four poles. The drawing (left) shows the position for two poles, which gives the higher 
speed. This shows a parallel connection. _The right-hand diagram is also a parallel connection, but the 
polarity of alternate coils has been reversed, and this forms a four-pole consequent winding, which gives 
the lower speed. The starting connections remain the same in both cases. The relative position of 
the running and starting windings is shown in B. At C are shown the connections for a repulsion type 
motor. This is a General Electric motor, type R1 526-4, 110 to 220 volts, 44 hp., four-pole, single 
phase, 60 cycles, 1,800 r.p.m._ For 220 volts, connect Tz and Ts together, and connect Ti and Ts to the 
line. For 110 volts connect T: and Tz to one line and connect Tz and T4 to the other line. The arma- 
ture has a two-circuit wave winding. 


Fig. 119.—A coil-wound stator of a single-phase motor. 


This differs from the usual repulsion motor in that the coils are wound before being placed in the 
stator. The motor is a four-pole single-phase machine. It has six coils per pole in a concentric chain 
winding. The sixth ooil of each group overlaps the sixth coil of the adjacent group. Six sizes of coils 
are used of each size. Mach coil is threaded in and then the ends are taped from slot to slot. 


A consequent-pole motor having four coils and eight poles is shown in 
Fig. 117. The diagram shows how the coils are connected together to 
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form the consequent poles and the winding data is given below in this 
diagram. A special two-speed winding, which may be connected for 
either two poles or four poles, is shown in Fig. 118, A and B. A motor of 
this kind is used on wood-turning, dental lathes, etc. The drawing A 
shows the connections and the switch position for the two poles which 
give the higher speed. The running winding is in two sections and eight 
Jeads are brought out. The starting winding consists of three coils as 
shown, one long coil and two short ones. The diagram A shows a parallel 
connection, while B is also a parallel connection but the polarity of alter- 
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Fic. 120.—In this diagram (a) shows how the leads are brought out for connection 
to a pole-changing switch for a two-speed motor. (b) shows connections of main and 
starting windings to a pole-changing switch for a two-speed motor. 
nate coils has been reversed, thus forming a four-pole, consequent wind- 
ing which gives the lower speed. ‘The starting connections remain the 
same in both cases. The relative position of the running and starting 
windings is shown in C of Fig. 118. 

The stator windings of the single-phase repulsion motors are generally 
connected in two sections, as shown in Fig. 118C. This is done to enable 
the motor to operate on 110- or 220-volt circuits; that is, for 110 volts the two 
sections are connected in parallel and for 220 volts they are put in series. 

Changing Single-phase Motor for Operation at Two Speeds.—The 
procedure to follow in changing a single-phase motor which has a starting 
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and main winding so as to operate at two speeds by means of a pole, 
changing switch can be illustrated by the following details for a 1-hp. 
single-phase, 60-cycle, 110-volt motor connected to operate at 1,700 and 
3,400 r.p.m. The main winding is wound with two coils as in a 
two-pole motor except there are two wires in parallel and eight leads are 
brought out for connection to the pole-changing switch, as shown in 
(a) of Fig. 120. The starting winding consists of one coil with two-pole 
pitch or throw and two coils with four-pole pitch or throw, six leads being 
brought out from these three coils for connection to the pole-changing 
switch, as in (a) of Fig. 120. The leads from the main and starting wind- 
ings are connected to the pole changing switch as in (6) of Fig. 120. 
With the motor leads at the left of the pole-changing switch in (6) of 
Fig. 120 numbered from top to bottom, connecting lead 1 to one side 
of the line and lead 3 to the other gives the four-pole connection or the 


Fie. 121.—Stator of a single-phase motor that has six leads brought out. The two 
bottom leads go to the starting switch. ‘Two of the top four leads are the starting winding 
leads and the other two the running winding leads that connect to the line. 


consequent-pole arrangement. By connecting leads 2 and 4 across the 
line the two-pole connection will be obtained. The pole-changing switch 
is so arranged that the starting winding is connected across the line with 
the switch in either the two- or four-pole position. ‘The two solid outside 
coils in (a) of Fig. 120 in each pole indicate the two coils which are 
wound in parallel as mentioned above. ‘The operation of the motor as a 
two-pole or four-pole motor is the same as any series- and consequent- 
pole arrangement. ‘The starting winding, however, functions along 
slightly different lines and an analysis of the flux from the various starting 
winding coils for the two connections of the switch will indicate that its 
operation is the same as a two-pole motor with one coil missing in the 
one case and a four-pole motor with two coils missing in the other case. 


CHAPTER XVIII 
REWINDING SMALL UNIVERSAL MOTORS 


The small universal motor as used in adding machines, fans, drills, 
etc., can be divided into three classes: (1) the straight series type; (2) 
the series type with shifted brushes; (8) the compensated series type. 

The Straight Series Type of Universal Motors.—This is the most 
simple in construction. It has laminated pole pieces, which is an abso- 
lute necessity on alternating-current work to eliminate heating of the 
iron circuit. When carrying an alternating magnetic flux, the armature 
ampere turns will be considerably higher than the field ampere turns. 
This is necessary to improve power factor and reduce core losses, and is 
one of the most important characteristics of this type of motor. The 


Fig. 122.—FVield and armature of a series type of universal motor used in portable drills 
and grinders. 


One lead of one field coil connects to the line, the other is connected to the adjacent coil. ‘The lead 
from the other coil connects to a brush holder. The other brush holder is connected to the other side 
of the line. ‘The field coils are therefore in series ahead of the armature. 


greater the number of turns in the field circuit, the higher will be the 
reactance, which causes the current to lag behind the impressed voltage 
thus reducing the power output. With a high ratio of armature ampere 
turns to field ampere turns, the armature reaction is greater, which will 
distort the field and introduce commutating difficulties, due to strong 
armature and weak fields. ‘The coil under commutation is in a magnetic 
field that tends to oppose the reversal of the current, thus causing spark- 
ing. On alternating current the current induced in the shorted coil is 
governed by the resistance of the coil. 

The method used in the small, straight series type of universal motor 
to reduce sparking, is to use a brush having high contact resistance. 
Therefore, to get consistent good operating- results with this type of 
universal, use the grade of brush specified by the maker of the motor. 

148 
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Straight Series Universal Motor with Distributed Field and Shifted 
Brushes.—In this type the winding resembles the stator of a single- 
phase motor without the starting windings. That is, instead of one 
coil per pole, the coil is spread out in a number of slots. With this type 
of field the brushes are shifted against rotation. ‘This uses part of the 
field as a compensating winding, thus reducing the armature reaction and 
improving the power factor. 

With this type of winding the brush position and armature lead throw 
are very important and should be carefully marked and checked when 
dismantling for repairs. However, a distributed winding has a higher 
impedance than a single field coil, so that for a small motor this type 
might be less efficient than a straight series type of good design. 
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Fie. 122A.—This illustration sbows the stationary and rotating elements of the centrif- 
ugal switch used on a Westinghouse single-phase motor. 
The weights on the rotating part work between the two projections shown _on the upper part of the 


Der eA TNS Ore EEL ene Acre ts eortah ence: for the shaciine of ter ea eee 
The Compensated-series Universal Motor with Two Independent 
Windings.—The main winding is usually concentrated in one coil per 
pole, and the compensating winding distributed over the pole face as in 
large direct-current generators. The polarity of the compensating 
winding should be the same as the main field adjacent to it, against 
the direction of rotation, and when the rotation is reversed, the polarity 
of the compensating winding must also be reversed. ; 
This type of winding compensates for armature reaction and results in 
high power factor and fair efficiency and makes the universal motor 
applicable in larger size motors, but there is still present the high value of 
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current in the short-circuited coil. On the large single-phase universal 
motors, used in railway work, a compensating winding is used and resist- 
ance leads are placed in the bottom of the armature slots and in series 
with the coil and the commutator. Thus the resistance of the coil under 
commutation is increased, which improves the operation. 


Fie. 123.—Inserting a coil in the stator of a small universal motor. 


From the foregoing remarks it is obvious that it is the armature reac- 
tion, impedance of the field and the current in the coil under commuta- 
tion that decides the type of winding that will be used in a universal motor 
for any given application. In general, the lower the full-load current the 
simpler will be the winding. Where heavy currents are required a 
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full-compensated, two-winding field with preventive (resistance) leads 
will be required. 

Points to Remember When Stripping a Universal Motor.—When 
stripping the winding of a universal motor, that 1s, one which operates on 
either direct-current or alternating-current, it is important to remember 
that in winding the fields of this type of motor, the coils must be put back 
in their proper positions In relation to the brushes. ‘The field core of a 
universal motor can usually be put back only in one position in the frame. 
Most of the cores are built up of laminations riveted together. The core 
is fastened to the motor frame and held in position by two set screws 
which project into two corresponding holes drilled in the stator core. 

If the stator winding is stripped without paying any attention to the 
position of the main field coils in reference to these line-up holes, the proper 
position will have to be found by trial. This can be done satisfac- 
torily, (see page 156) but the extra time and trouble can be saved if 
the slots containing the main coils are marked before the old winding 
Is removed. 

When rewinding universal motors without noting very carefully 
the throw of the coils and the connections to the commutator, for the old 
winding, some difficulty may be encountered in locating the proper bars 
and coil connections for a particular brush position. 

Some small universal motors operate with the brushes located a little 
back of the neutral position, the amount of this shift depending upon 
the design of the motor. When rewinding such a motor the only safe 
rule to follow is to note carefully the throw of the coils in the original 
winding and the connections to the commutator and connect the new 
winding in the same way. These small armatures are usually wound 
with a coil span slightly less than the number of slots divided by the 
number of poles. This is done to make winding easy and save end 
room. For such windings the neutral point for the brush position is at 
the location of the coil ends on the commutator when the two sides of 
the coil are at equal distances from the center of the pole face. 

Kinds of Windings Used on Universal Motors.—There are two general 
kinds of windings used on thestators of universal motors. One of these is 
similar to the field winding of a series motor while the other has, in addi- 
tion to such a winding, a compensating winding. The smaller universal 
motors, such as those used in fans, vacuum sweepers, drink mixers, etc., 
are simply series motors with a laminated field. The punchings are 
usually shaped as shown in Figs. 123 and 124. The field coils are 
wound in the same way as any mush direct-current field coil. They are 
left soft and flexible so that they can be sprung over the pole horns as 
shown in Fig. 124. After the field coils are in place, two fiber or heavy 
cardboard strips are put in on top of them to act as wedges to hold the 
coils in position. 
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For the straight, series type of universal motor, the armature is 
usually connected between the two field coils. One lead of each coil is 
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Fig. 124.—A small universal motor without compensating field. Note how the leads have 
been taped and tied with string to prevent breaking in service. 


connected to the line and the other lead of each coil is connected to the 
brush holder. This eliminates a field connection inside the motor. 

In Fig. 125 another motor of the single-series type is shown. In this 
motor, however, the field windings are distributed in 24 slots. 
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Compensating Windings for Universal Motors.—In the larger uni- 
versal motors compensating windings are required to cut down the voltage 
induced in the coils which are short-circuited by a brush. This voltage 
is induced by the alternating flux regardless of the brush position. The 
magnitude of the voltage will depend upon the impedance of the coils. 
In the small motors the resistance of the coils is usually high enough to 
limit the induced current to such a low value that a compensating winding 
is not required to obtain satisfactory commutation. But in most of the 
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Fig. 125.—Stator of a universal motor with a distributed winding. 

This stator has no compensating winding but the main winding has many turns of fairly small wire 
whose resistance limits the amperage on direct current. The motor is part of a drill made by the 
Chicago Pneumatic Tool Company. It is type 3B, which is rated at 240 volts and 1,500 to 2,000 watts 
fullload. It has twenty-four coils each having twenty-four turns of No. 22 silkenite wire. The pitch 
is 1 and 7. 


larger machines the coils consist of a few turns of a large size of conductor. 
Hence the resistance is low and a compensating winding is necessary. 

This compensating winding is connected in series with the armature 
and displaced 90 electrical degrees from the main field. It is usually 
distributed over a number of slots in the pole face, while the main winding 
consists of only one or two coils per pole. A compensating winding of 
this kind opposes the magnetism generated by the alternating current 
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in the armature. It thus prevents the induction of current in the coils 
under commutation and thus eliminates sparking at the brushes. 

A compensating winding is used in the stator of the blower motors 
used in connection with the main motors on the locomotives of the New 
York, New Haven and Hartford Railway. These motors operate on 600 
volts direct current in the city limits and 1,200 volts, alternating current 
outside. The armature is similar to any ordinary lap wound direct- 
current armature and the stator has a distributed, strap copper, two- 
layer, diamond shape lap winding. It is similar in appearance to any 
induction motor stator but the stator winding is divided into two 
sections—a main and compensating winding and with this motor the 
brusbholders are fixed. ‘Therefore, when stripping the stator, the slots 
in which the leads of each winding are brought out should be marked 
and a diagram drawn to enable the winder to pick up the windings in 
proper relation to the brushes. A shift of one slot will cause trouble. 
An example of such trouble is given on page 157. 

Winding Coils in Compensated Universal Motor.—The field core 
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Fig. 127.—Data for stator of a universal motor with a compensating winding. 


This is the motor whose connections are shown in Fig. 126. When stripping the winding the 
following data was putdown. No. of slots (20). No. of poles (2). Compensating coils (8). Connection, 
series. Turns (34). One No. 19 single-cotton and enamel wire. Total weight (142 Ib.). Main coils (2). 
Connection, series. Turns (84). One No. 22 single-cotton and enamel wire. Total weight (34 Ib.). 


tically the same as that of a single-phase stator. The core is laminated 

rea and there are many slots, usually partly closed. The two main field 

coils are wound up on a form in the same manner as the field 

coils of larger shunt motors. The field coils on a universal motor, how- 

ever, are threaded into the slots without being taped. When the coils 

so we eh Rea are connected on a large universal motor. are in position in the stator the ends projecting beyond the core are taped 

ree ee ce ermeore Se id. The data which was taken when the motor was stripped from slot to slot. In shaping these coils on the stator they must be kept 

below the iron so they will not close up the compensating slots. The 

compensating winding is put in place in the same way as a single-phase 
stator is wound. This winding is usually of the skein type 

In Fig. 126 are shown the connections of the main and compensating 

fields to the armature. The main winding is on one side of the arma- 
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ture while the compensating winding is on the other, all three of them 
being in series. In Fig. 128 is shown the armature, stator field and 
brush holder of a compensated universal motor. 

Determining Brush Position by Trial.—If it has not been possible to 
determine the correct location of the coils with reference to the brushes, 
the proper brush position can be found by trial. To do this, press the 
stator in place in the frame, judging the brush position as closely as 
possible. Then putin the armature and put the end bells in place. Now 
try out the motor by connecting it to the line. If it sparks or heats, 
remove the screws from the end plate at the commutator end and shift 
this plate around until the motor operates satisfactorily on both alternat- 


e 


Fie. 128.—Lap wound armature, field and brush holders for a compensated universal 
motor. 


ing current and direct current. Then make a mark on the field frame 
showing how much the screw holes on the end bells have been shifted away 
from the corresponding holes on the field frame. After this remove the 
end bell and make a chisel mark on the stator and its frame at the same 
place. Now press the stator out of its frame and shift it in the opposite 
direction and by the same amount as the end bell was shifted to get 
perfect commutation. The chisel marks can be used for guidance in 
doing this. Then press the stator back into its frame when it is in this 
correct position. 

Two Unusual Features of Universal Motors.—One of the distin- 
guishing features of a universal motor is that the armature will have a 
larger diameter in comparison than the armature of a straight direct- 
current motor of the same hp. rating. The field will have short, stubby 
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pole pieces. These two features of construction are accounted for by 
the fact that the ampere-turns of the armature are greater in number than 
the ampere-turns of the field. It is for this reason that a compensated 
winding is required on the larger sizes to neutralize the magnetism 
developed by the armature winding. 

Another feature of the universal motor is that usually with the same 
applied line voltage it will have a greater torque on direct current than 
it will on alternating current. The higher the frequency of thesupply, 
the less will be the torque. On direct current the voltage drop in the 
field is due to the resistance of the coils alone, while on alternating current 
a greater voltage drop results from the impedance of the coils which is 
the resultant of both resistance and inductive effects. In fact, some of 
the series commutator type of motors have been designed to operate 
on either 300 volts direct current or 600 volts alternating current. Under 
both of these conditions the motor torque is practically equal. 

Insulating Slots and Inserting Coils.——The insulation for slots and 
the method of inserting the skein wiring in them is the same as described 
in Chaps. XIV and XV. 

Possible Trouble When Slots Containing Main Coils Are Not Marked. 
The following experience will illustrate the difficulties that arise when 
the slots containing the main field coils or the slots in which the leads 
are taken off these coils (top and bottom) with reference to a perpendicu- 
lar line bisecting the center of the stator, are not marked. A four- 
pole, 300-volt alternating-current and 150-volt direct-current motor 
was completely rewound without checking up and marking the original 
position of the main coils in the old winding. When an attempt was 
made to run this motor, it sparked at the brushes and the winding 
heated up excessively. Tests showed the winding clear of shorts, grounds 
and opens. 

This motor stator had 40 slots, and a two-layer winding with diamond 
shaped coils made of two turns of 1{¢- by 14-in. bare copper strap. Each 
turn was insulated so that one strap could be threaded in at atime. The 
pitch was 1 and 10. The coils were connected up into two separate 
windings; one the main field or torque winding, and the other, the auxil- 
iary or compensating winding. When it was discovered that trouble 
was due to the failure to check up the position of the main field winding 
before the motor was stripped for rewinding, the procedure to determine 
the correct winding from the one put on was as follows: 

The main winding was traced out and marked with chalk. Then the 
front end bracket was put on and the brushes were not found on the center 
lines of the main poles as they should have been. This meant that the 
stator must be reconnected or stripped and rewound again. ‘The first 
course was found possible. The diagram in Fig. 129 shows the corrected 
winding as finally reconnected. 
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It was found that the winder made the mistake of using the bottom 
lead in slot 14 as S; instead of the bottom lead in slot 11 as shown in the 
corrected winding. Since the rest of the winding was picked up in the 
proper order, the completed winding was four slots out of line, which had 
the effect of shifting the main poles 27 mechanical degrees. The brushes 
were set on the center lines of slots 6-16-26-36 which should also be the 
center lines of the main or torque poles. Instead the winder had made 
the pole centers on slot 9-19-29-39. This brought a coil short-circuited 
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Fia. 129.—Correct connections for a single-phase, series commutating motor. 


This is a four-pole motor for 300-volts alternating current or 150-volts direct current. Tt has 40 
slots and 40 coils of two turns each. (Only one is shown.) Full lines represent top half of coil, the 
dotted lines the bottom half. Pitch is 1and 10. Center line of brushes should pass through the center 
line of slots 6, 16, 26, and 36. 
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by the brush in an active field which resulted in large currents being 
induced in these main coils and cause the heating and sparking 
experienced. 

The practice should be followed when rewinding stators of single- 
phase universal motors, of marking the slots in which the coils containing 
leads for the main winding lie whenever such a motor is stripped. This 
can be done by using a small steel stamp with the slot number. A draw- 
ing should then be made showing the correct coil layout, as in Fig. 129, 
with the same numbering so that the winding can be replaced in its proper 
position and the connecting leads easily located. 


CHAPTER XIX 


REWINDING A COMPENSATED-SERIES MOTOR 


The following details describe a method of winding a single-phase, 
compensated-series motor with form-wound coils. The reasos for then 
compensated winding are given in Chap. XVIII. These form-wound 


Fie. 130.—Series type of universal motor used in a vacuum cleaner. One field coil is 
connected to one brush holder while the other field lead and brush holder are connected 
to the line 
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Fie. 131.-—Compensating and main winding of series, single-phase stator. 


i inding i i i i i d the 
hi ensating winding is shown in place. The six compensating coils are placed around tl 
six pis pera Bis ahoa at of the main winding. This consists of eighteen coils, six of the coils 
being twice as large as the remaining coils. Note how the upper side of the first main coil is held in 
place during winding by several wedges placed over it in the slot. 


coils are of the same dimensions but some of them have twice as many 
turns as the other. An unusual feature of the stator is that some of the 


teeth are wider than others. 
159 
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The stator for which the winding information is given in what follows 
has 30 slots and 24 coils. ‘There are 18 main coils and 6 compensating 
coils. Every fifth tooth has twice the area of the others, as shown in 
Fig. 131. The compensating coils are wound around these six large teeth. 

Winding Compensating Coils on Stator—The compensating coils are 
wound by hand on the stator, every alternate coil being wound in the 
opposite direction, as shown in D of Fig. 132. The wire is not cut at the 
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Fre. 132.—Steps in winding single-phase stator of a compensated-series motor. 


end of each coil but is carried over to the next coil, thus doing away with 
soldered connections. The first compensating coil is started in slot 1 
and finished in slot 2. Then the second coil is started in slot 6 and 
finished in slot 7. This is repeated around every large tooth, as shown in 
A of Fig. 182. 

Winding Main Coils on Stator.—A part of the main winding is shown 
in place on the stator in B of Fig. 132. This winding consists of 18 coils. 
Six of these coils have twice as many turns per coil as the remaining 
twelve coils. 
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This winding is a combination of a winding with two slots per coil 
(single-layer) and a winding with one slot per coil (double-layer). A 
study of B, in Fig. 131, will show that each coil with the larger number 
of turns completely fills two slots. Each small coil is put in so that one 
side is in the same slot as one-half of a compensating coil; the other 
side overlaps another small coil. These small coils in turn are made to 
overlap each other in every sixth slot. 

Figure 132 gives the steps in putting on the main winding. The 
compensating coils are indicated by the short loops inside the small circle. 


Fig. 133.—Armature, field and brush holds of a compensated series type of universal 
motor. The stator has a distributed field and tapped compensated winding displaced 
90 degrees. 


The first main coil to be put in is a small coil. It is placed in slots 1 
and 4. Slot 1 contains also one-half of a compensating coil. These two 
coil halves completely fill slot 1. The second main coil is a large coil and 
is put in slots 30 and 3, completely filling these slots. The third main 
coil (a small one) is put in slots 29 and 2. Slot 2 contains one-half of a 
compensating coil; therefore it is filled when the third main coil has been 
put in. The fourth main coil is put in slots 24 and 27. This is a small 
coil and fills up slot 27 which already contains one side of compensating 
coil, 
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In B of Fig. 132, a continuation of the winding is shown. The 
fifth coil is a large one and is put in slots 25 and 28 working in the opposite 
direction to the first group. Coil 6 is put in slots 26 and 29. Slot 26 
also contains one side of a compensiting coil. Slot 29 already holds one 
side of coil 3; therefore coils 8 and 6 overlap each other in slot 29 and this 
slot. 

Coil 7 is started in slots 21 and 24 filling both slots, as slot 21 holds 
one side of a compensating coil and slot 24 contains one side of coil 4, as 
shown. 


Fig. 134.—A gang mould for winding coils in a group without cutting the wire between 
them. Four sets of coils are being wound at once with each mould winding a different size 
of coil. For a 4-pole motor using three coils per group, the complete set of coils can be 
wound at one time. 


The next drawing, C, of Fig. 132 shows the third group in placeand the 
start of the fourth pole group. At D all the coils are in place with the 
groups connected. Note that coil 18 overlaps coil 1 in slot 4; also that 
twelve small coils fill eighteen slots. The winding is so distributed that 
these small coils overlap each other at six points and in twelve other 
slots they are put on top of the compensating coils. The six large coils 
fill the twelve slots. 

The main coils ean be wound on the same mould, the only difference 
being in the number of turns per coil. In the original winding the three 
coils per group were wound on what is known as a gang mold (Fig. 134). 
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This is a mold with three center pieces and with thin barriers between. 
The three coils are wound without cutting the wire. From three coils 
only two leads are brought out, start and finish, which does away with 
twelve stub connections. However, whenonly onemotoris to berewound 
the extra time required to make a gang mold is much greater than that 
required to stub up the groups. 

The armature of the motor is wound similar to any standard direct- 
current wave-wound armature. 


CHAPTER XX 
SINGLE-PHASE FAN MOTOR WINDINGS 


Since the single-phase fan motor is widely used and found in many 
types and designs, a knowledge of the developments in the construction 
and design of fan motor windings will be of assistance in handling repair 
work on the older as well as the newer types. What follows has been 
taken from an article published in the Electric Journal by E. W. Denman. 

Commutator-type Series Fan Motors.—In the earliest stage of their 
development, it was found that fan motors wound for use on a direct- 
current circuit could be used on single-phase alternating-current circuits, 
but required a much higher voltage with severe sparking occurring at the 
brushes. To make a series motor operate on alternating current the 


Controller (Top View) 


Fig. 135.—Diagram of an carly type of series fan motor winding of the commutator type. 


reactance of the field was decreased by decreasing the number of turns 
in the field coils, and to get a good torque with a minimum amount of 
current, many armature conductors had to be used. Figure 185 shows 
the diagram of a series motor with the armature connected between the 
two field coils. All commutator-type motors for small fans are two 
pole for simplicity and low cost. The first fan motors were series motors 
with one coil to energize the field and a few manufacturers still make this 
type. For this motor one of the field coils in Fig. 1385 would be omitted. 

Speed control in the original series motors was obtained by shifting 
the brushes from the neutral position. Later designs use resistance in 
series with the motor winding to lower the voltage impressed on the motor, 
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and this lowers the speed. Taps at different points on the resistance were 
taken off to give the desired speed of the fan. This method of control 
is shown in Fig. 135, the resistance being on the controller. The first 
motors were provided with a ring wound armature and a punched lami- 
nated field. The laminated field was necessary as at that time practically 
all alternating-current circuits operated at 133 cycles, and the high iron 
loss in a solid pole due to the high frequency was not permissable on 
account of the high temperature rise. 

Induction-type Fan Motor.—The next step in fan-motor develop- 
ment was an induction motor. To operate the fan near the desirable 
speed of 1,600 r.p.m. on 133 cycles, it was necessary to have ten poles 
in the field. The poles were concentrated and a coil placed on alternate 
poles connected in series, all of the same polarity. This winding was 
called a consequent-pole winding. The poles without coils formed a 
return path for the magnetic flux from the energized poles. To obtain 
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Fig. 136.—Induction motor winding with shading coils for starting. 


a phase displacement of the flux in the pole, or otherwise cause a rotating 
effect of the flux to give a starting torque, the trailing edge of the pole 
was shaded; that is, a band of copper was placed around a portion of the 
pole which retarded the flow of the flux in this section, while the flux in 
the remaining portion of the pole was in phase with the current in the 
field coils. 

The rotors used in induction motors for fans have always been of the 
squirrel-cage type; that is, if the iron were removed the copper winding 
would be in the form of a squirrel cage. As compared to rotors of power 
motors, fan-motor rotors have relatively high resistance to give a reduc- 
tion in speed of the fan when the flux density in the field poles is decreased. 
Speed change on induction fan motors is obtained by reducing the voltage 
impressed upon the field winding, which decreases the current and this 
decreases the flux density which allows a greater slip of the rotor. 
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To operate at 1,600 r.p.m. on 60 cycles, an induction motor field should 
have four poles. On this and lower frequencies solid poles cast in the 
main frame have been used, although this produced an excessive loss. 
To decrease the input and improve the characteristics a laminated field 
built up from punchings was developed. The same method as with the 


Off 
Fig. 1837.—Split-phase fan winding with a high resistance starting winding. 


133-cycle motors was used for starting in the earlier types of motors and 
is still used on some of the smaller and lower priced motors. Speed 
change on these motors was obtained by inserting in series with the motor 
field coils either resistance or a choke coil to lower the voltage on the 
main field. A diagram of a winding of this type is shown in Fig. 136. 


Motor Winding 


Line 
Fic. 138.—Split-phase fan winding with auxiliary resistance and reactance coils for 
7 starting. 


Distributed Pole Fan Windings.—With the development of the 
laminated field built up from sheet steel punchings with several slots 
per pole, it was found that the winding could be distributed across the 
face of the pole and with the proper distribution the flux density was the 
greatest in the center teeth of the pole, decreasing in the outside teeth to 
make a quieter running motor. This called for a distributed pole punch- 
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ing for an induction motor. An advantage of this punching, which has 
say 24 slots, is that it can be wound for either two poles for 25 cycles or 
four poles for 60 cycles, where a four blade fan with a speed of 1,400 to 
1,600 r.p.m. is to be used; and wound four pole on 40 cycles, and six pole 
on 60 cycles, where a six blade fan with a speed of 1,050 r.p.m. is used. 


Starting, 


Widing ~-=y~ 


Winding 
Controller (Top View) Motor 


Fic. 189.—Split-phase fan winding with cut-out switch used in the starting winding. 


This flexibility of winding on one punching is good from the manufacturing 
standpoint as it minimizes the number of dies and stock parts. 

With the development of the distributed main field winding, it was 
found desirable to use a starting winding which was energized from the 
line. There are two types of this starting winding; one which remains 


4 p t To Attachment Flug 


Starting Winding. 


Line; 


aT 
ee 


Controller (lop View) Motor 


Fie. 140.—Split-phase fan winding with speed changed by taps on a winding auxiliary 
to the main winding. 


in the circuit all the time in parallel with the main winding, as shown in 
Figs. 137 and 138; the other which has a cutout switch operated by the 
centrifugal force of weights on fingers attached to the rotor. As the rotor 


comes up to a predetermined speed this operation takes place. Diagrams 
of these windings are shown in Figs. 139 and 140. 
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With starting windings that remain in the circuit, the starting torque 
is that required to start the rotor from its static friction. For this reason 
as small amount of power as possible is put into the starting winding as 
it isin the circuit all the time when the fanisrunning. The total watts of 
the motor with this type of winding are higher than with a motor whose 
starting winding has a cutout switch. The starting winding with the 
cutout switch is usually wound to take more watts on starting than the 
other type, but when the rotor is up to speed this winding is open cir- 
cuited and a saving results. 

Starting Windings.—In the first type of starting winding as shown 
in Fig. 137, there are two separate windings in the motor field. The 
heavier or outside winding shown in the diagram is the main field, and is 
wound distributed in the slots of the poles, and produces the main field 
flux. The lighter or inside winding is distributed, with the center of the 
pole of this winding placed approximately one-third the pole spacing 
from the center of the pole of the main winding overlapping the next 
pole of the main winding. The total turns of the main field winding 
are greater than the total turns of the starting winding, therefore, the 
reactance is higher. The resistance of the starting winding is very high 
in comparison to the resistance of the main winding. The two windings 
are connected in parallel. The current in the starting winding is very 
close to being in phase with the voltage, while the current in the main 
winding lags due to its reactance. Since the flux of a pole is in phase 
with the current, the flux of the starting winding leads the flux of the 
main field winding and produces a rotating field, which gives a starting 
torque. ‘The power input to this winding is not an entire loss as there is 
some torque from it at running speeds. 

Controlling the Speed of a Fan Motor.—F or controlling the speed of a 
fan with this type of winding, either a choke coil or resistance can be 
used. By placing either one of these in series with the motor winding the 
effective voltage on the motor is decreased and the current in the windings 
lowered. With the drop in current the flux in the field decreases and the 
speed changes. Resistance is usually used for manufacturing reasons 
and gives good performance. Most fans use two steps of resistance, 
making three speeds for the fan. 

The fan whose diagram is shown in Fig. 138 has three windings in 
the motor field. These windings are connected at a common point in 
the motor. They are usually placed one-third the pole spacing between 
centers of the poles of each winding. As shown, A is connected to one 
line, B is connected to the other line through a choke coil or reactance, 
and C is connected to the same line as B except through a resistance. 
This reactance and resistance is proportioned so that the current flowing 
through the winding A divides between B and C in such a manner that 
the field flux has the rotating characteristic of a polyphase motor, thus 
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giving a starting torque. In some motors the added resistance in wind- 
ing C is placed in the motor winding by using a smaller size wire or a high 
resistance coil. Since the current in the high resistance circuit leads the 
current in the reactance circuit and the combined current passes through 
A, the flux of the winding C leads the flux of winding A and the flux in 
winding A leads that in winding B, thus the direction of rotor travel is 
from C to A. 

Speed regulation with a winding of this type is usually obtained by 
having more turns in the choke coil, which is in series with winding B, 
than are needed for the reactance necessary for the performance at high 
speed. ‘Taps in these added turns are arranged so that they can be 
placed in series with the total winding of the motor including the resist- 
ance and reactance. This lowers the voltage on the motor and the effect 
is a decrease in speed of the fan. 

The simplest winding with a cutout switch in the starting winding is 
shown in Fig. 139. The main winding is of heavy wire wound distributed 


{ Choke Coil omitted on single speed fans, 
tt Middle Tap omitted on two speed fans. 


_Man Coil 


Fie. 141-—Ceiling type of fan winding with insulated shading coil used for starting. 


and when the fan is running at its running speed this winding carries the 
load. The center of the starting winding pole is placed between the 
poles of the main winding and overlapping half of a pole on each side. 
The starting winding can be wound either distributed or concentrated 
as it makes but little difference in its performance, it being open circuited 
when the motor is running. 

To decrease the speed of the fan with a motor wound with the above 
windings a choke coil is used. The starting current when the motor is 
connected to the line is several times higher than the running current, 
and if resistance were used for speed control the drop over this would be 
so great that the motor could not pull the fan up to the cutout speed of 
the starting switch. The choke coil is operated at a point where the iron 
is saturated and the increase of current at starting increases the voltage 
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drop on the choke coils only a little above that at running conditions. 
This allows the motor to pull the fan up beyond the cutout speed of the 
starting switch. Here the torque of the main winding is less than when 
the full voltage is on the motor winding and the fan runs at the lower 
speed. 

Speed Change by Taps on an Auxiliary Winding.—Figure 140 
shows a desk fan winding diagram similar to that shown in Fig. 139 ex- 
cept that for speed change the motor winding has taps in the main coils. 
The high speed point is where there are the fewest turnsin the field. Here 
the field flux is greatest and the torque and speed high. To lower the 
speed more turns are connected in the main winding. This decreases the 
flux and causes a decrease in speed, the change in connection being made 
by the contact lever in the base. The starting winding operates the same 
as that in Fig. 139. The advantage of this winding is in the reduction of 
the input to the motor on lowspeeds, there being no choke coil loss. Also 
a greater speed reduction can be obtained. 

Windings for Ceiling Fans.—The development of the windings for 
ceiling fans has been along the same lines as for the desk fan. The speed 
of the ceiling fan is slow compared to that of the desk fan and for alterna- 
ting-current motors they are wound with a greater number of poles. ‘The 
principal winding used has the shading coil start, it being difficult to 
operate a centrifugal switch at such low speeds. Some motors have 
copper band shading coils over a portion of the pole, similar to the desk 
fan in Fig. 136. Others use a shading coil of heavy, flexible wire threaded 
through the slots on top of the primary or main winding with the ends 
soldered together forming a short-circuited winding, as shown in Fig. 141. 
The starting winding is insulated before being put in so that it does not 
ground the main winding. It produces the same shading in all the poles, 
making a quiet running motor. Speed regulation is obtained by using a 
choke coil in series with the main winding. 

Construction of Fan Motor for Use on Direct or Alternating Current.— 
Along with the development of the induction motor for fans on alternat- 
ing-current circuits, the series motor has had equal attention for both 
alternating and direct current, although the changes have not been so 
marked in the windings. The slotted armature punching for the drum- 
type armature makes a much better rotor than the ring type. Cast- 
iron field frames with solid cast poles were used for direct-current motors. 
To make a series type motor with a frame that could be used for either 
alternating or direct current, a laminated field was developed in combina- 
tion with the armature punching. With this field and armature built 
up from punchings, the motor can be used on low frequencies to a better 
advantage than an induction motor, due to the speeds necessitated by a 
two-pole induction motor. The development of windings for series 
motors, since the use of the punched field and armature, has been in 
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determining the proper field and armature turns to use on the different 

frequencies to give the best performance and highest efficiencies. 
Induction Fan Motor Winding with High Starting Torque.—The 

latest. development in induction fan motor windings has been a winding 


if -he Atlachment Plog 


LS] a fé Winding... 


et resistarce 


Starting“ 
Off [p< Winding 


Controller (Top View) 


Fie. 142.—Split-phase fan winding with a series transformer used to shift the phase of the 
starting winding and improve the speed control. 
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Fig. 143.—Wiring and connecting diagram for series type fan motor with commutator 
connections for zero lead. 


with a high starting torque, high efficiency at running speeds without 
a cutout switch and with a large speed reduction. A diagram of this 
winding is shown in Fig. 142. The motor winding is the same as shown 
in Fig. 139 except that the cutout switch is omitted and the lead from the 
starting winding to the cutout switch is brought out of the motor to the 
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Fic. 144.— Wiring and connecting diagram for series type fan motor with commutator 
connections for one bar back lead. 
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Fic. 145.—Wiring and connecting diagram for series type fan motor with commutator 
connections for 34 bar back lead. 
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base, making two leads from the motor body to the base. In the base 
of the motor is a transformer, the primary winding of which is in series 
with the main winding of the motor, the secondary being connected across 
the starting winding. The characteristics of the transformer are similar 
to those of a series transformer with reactance in its secondary circuit. 
When the motor with this complete winding is thrown on the line, the 
current through the main winding passes through the primary of the trans- 
former and the secondary voltage induced is impressed on the starting 
winding of the motor. The lag of the voltage of the secondary behind the 
main current in the primary, plus the lag caused due to the reactance of 
the starting winding causes a Jarge phase angle between the currents in 
the main and starting winding in the motor fields. It has been found by 
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Fie. 146.— Winding diagram for 56-in. ceiling fan using shading coils and a choke coil. 


test that the angle between these two currents on starting, with the proper 
design of the transformer, approaches 90 electrical degrees. ‘This gives 
the effect of a two-phase motor on starting. In running, the angle 
changes slightly but always remains of a value to assist the main winding. 

To lower the speed of the fan more turns are placed in the primary 
of the transformer. This has the effect of adding reactance in series with 
the motor main winding to reduce the flux density in the motor field. 
Also since the iron in the transformer is worked at a high density, the 
added turns in its primary with the decrease of primary current have the 
effect of keeping the secondary voltage of the transformer approximately 
constant. ‘This makes possible a high starting torque at low speed and 
consequently a much greater speed change than could otherwise be 
obtained. 

The advantages of this winding are as follows: A large amount of 
speed reduction, reduction of the watts input with the reduction of speed, 
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high starting torque and a quiet running motor on single phase. The 
amount of speed reduction is from 25 to 100 per cent more than with any 
other type of fan motor winding. The reduction of watts input with the 
reduction of speed is nearly proportional. ‘The high starting torque on 
all speeds eliminates trouble from burnouts on low voltage. This motor 
with its approximate polyphase winding is also quieter than a straight 
single-phase motor. 

Effect of Changing Number of Blades on Fan Motor.—The following 
report from a repair shop explains the reasons for some fans burning out 
from no fault of the fan winding design: 

When a number of six-blade induction-type fans were received for 
repairs during one season, an investigation and inspection revealed that 


Fie. 147.—Some old types of single-phase fan motor stators, 
A is a two-coil, two-pole series type; B is a series universal type winding with shading coils embedded 
in the pole faces for starting. ‘This stator is of the consequent pole type, with two coils for four poles. 
Cis an induction motor type. 


in a number of cases the field winding and the series transformer in the 
base of the fan had been heated to such an extent that the insulation on 
the wires and around the coils was charred, and both windings were 
short-circuited. Asthe heating was generally distributed, the trouble 
was blamed on overload. This had been caused by substituting 
six-blade fans for the four-blade fans with which they were originally 
equipped. 

When these fans were received in the damaged condition the style and 
serial number were checked and these proved that in each case the fans 
were originally of four-blade construction. By consulting the owners of 
the fans it was found that the following were the reasons for making such 
changes: (1) The owner wanted a greater volume of air, so he substituted 
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Fic, 148,—Six different types and sizes of fan motor stators, 
nected in series between the other two field coil leads. 


types, 
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six for four blades; (2) the original four blades were out of balance and 
could not be straightened. This was during a hot period and the owner 
could not get a set of four blades; so he took what he could get, which was 
six blades. The last example was from a dealer, who stated that when a 
call was received for a six-blade fan, the set of four blades was removed 
from a four-blade motor and the six-blade set substituted. This dealer 
had been substituting six blades for four in direct-current fans without any 
ill effects. ‘These were all series motors and the substitution of six blades 
for four blades increases the load and slows down the fan, but the wind- 
ings usually do not get warm enough to burn out. 


tn 


Fic. 149.—Rotor, stator and switch base of split-phase fan motor that uses a speed regu- 
lating series transformer. 


With the induction type of fan the case is different. It is general 
practice to wind the stator of six-blade fans for six poles and the stator of 
four-blade fans for four poles. Hence the speed of each type is fixed. 
Furthermore the motor windings are of the single split-phase type and 
the load must be kept well within the pull-out torque of the motor. The 
synchronous speed of the four-pole motor is 1,800 r.p.m. The six-blade 
fan is made to run at 1,200r.p.m. Therefore, if it is put on the four-pole 
motor its speed will be increased 50 per cent. The power required to 
turn the fan varies as the cube of the speed and, therefore, the four- 
pole motor would be working at a very great overload with a six-blade 
fan. 


CHAPTER XXI 
REWINDING SMALL TWO- AND THREE-PHASE MOTORS 


For small two- and three-phase induction motors having partially 
closed slots, four different kinds of windings are commonly used: 

1. The basket winding. 

2. Two-layer diamond coils with one coil side per slot. 


Fia. 150.—The armature winder is shown inserting turns of a two layer mush coil into 
partially closed slots of a small induction motor stator. Note the tools that are used. 


3. Two-layer flat diamond mush coils. 
4. Two-layer diamond mush pulled coils. 
5. A winding using strap-copper conductors. 
In this chapter the winding procedure for each of these windings is 
given. 
177 


178 REWINDING SMALL MOTORS 


The Basket Winding.—A good idea of the way to put in a basket 
winding is shown in Fig. 151. This winding derives its name from its 


Fie. 151.—The coils lie like this in a basket winding. There is only one coil side per 
slot. The bottom sides of the coils are put in every other slot leaving the empty slots to 
accommodate the top sides of the coils. 


appearance. As can be seen, the coil ends interlace in somewhat the 
same fashion as the parts of a woven basket. 

In the first place, a basket winding can be used only where the number 
of slots is even. And in the second place, the number of slots spanned 
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by a coil must be odd. In other words, the coil pitch must be 1 and 
4, 1 and 6, 1 and 8, 1 and 10, ete. (the last figure being always even) 
Checking Pitch of a Basket Winding.—To check the pitch of a basket 
winding to see whether or not the coils may be put in with this pitch, 
the following scheme may be used: Put down a line of figures like the 
middle line shown below to represent the numbers of the slots in the 
motor. Below these put the numbers of the bottom sides of the coils. 
The coil numbers should be directly under the numbers of the slots in 
which the coils lie. As shown, coil 1 is below slot 1, coil 2 is below slot 3 
(skipping one slot because it is a basket winding), coil 3 is below slot 5, 
etc. After putting down the numbers representing the bottom of the 
coils, place in a line above the slot numbers the numbers corresponding 


Pitch,i &6, 48Slots, 724 Coils 


Fig. 152.—How the coils are inserted in winding a basket winding. 


The drawings at A show three steps in the winding. At Bisa side view of a coil showing how the 
ends are bent down. Notice also the fiber insulating rings which are used on some makes of motors to 
keep the coils off the iron. At C is the shape of the coils used in this winding, F being the bottom 
coil side and E the top coil side. 


to the top side of the coils. Thus, in the example where the pitch is 1 and 
6, the top of coil 1 is in slot 6, coil 2 is in slot 8, ete. 
Example for pitch 1 and 6: 
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By completing the lines of figures it will be seen that with a pitch of 1 
and 6 each bottom and each top coil will have its separate slot. Taking 
a, pitch of 1 and 7, however, we find it is impossible to wind the motor. 

Example for pitch 1 and 7: 


Top of coil No..... eee en ee BIE SA Re) eno 
SlotiNow- see} ~i 8 8 4 & @ #7 & O io iil cre 
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* One coil side is already in these slots, and therefore the winding is impossible with this pitch. 
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The top of coil 1 will fall in slot 7, which is already occupied by the 
bottom of coil 4. Likewise, the tops of the succeeding coils will fall into 
slots already occupied. 

Drawing C in Fig. 152 shows the shape of a basket-winding coil. The 
coil is wound mush ona shuttle. The cell side, F, is at the bottom half of 
the coil and is made longer than EF, the top, as the bottom has to be bent 
down. The leads are brought out on the long or bottom side. This 
makes the coil connections come on the outside. 

Insulating the Slots and Core.—In B of Fig. 152 is shown how the 
core should be insulated with fiber rings to protect the coils from the 
iron when they are shaped down. The insulation used consist of 0.023-in. 
fish paper or combination paper (see Chap. III], page 27). This combina- 
tion paper has a fish paper base with treated cloth shellacked to it, 
making a good mechanical and electrical slot insulation. The cell 
should be cut about 3¢ to 14 in. longer than the slot and should be bent 
to conform to the shape of the slot, as shown in the close-up view, B of 
Fig. 151. 

Inserting Coilsina Basket Winding.—Figure 151 shows a48-slot, 24-coil, 
six-pole motor, with a pitch of J and 6. Note in A of Fig. 151 that there 
are only two throw coils up. The way in which the throw coils are kept 
up is illustrated in A of Fig. 152, which represents the same winding as 
that in Fig. 151. As will be noticed, there is only one coil side per slot. 
Drawing a in A of Fig. 152 shows the first coil with only the bottom half 
put in slot No.1. The top half is left up. The bottom half of the coil is 
then bent down as shown in B of Fig. 151 and B of Fig. 152. Itis bent 
down in this way so that the slot adjacent to the right is left clear for 
the top half of another coil to cross and enter the slot. Then the wedge 
is put in. After the coil has been shaped it is taped with one layer of 
0.008-in. treated-cloth tape and one layer of 0.007-in. cotton tape, both 
layers being half-lapped. In putting on the tape the slot cell and the 
wedge are sealed with the tape as shown in B of Fig. 151. In other 
words, the tape is wrapped around the ends of the cell and the wedge 
which stick out of the slot. The throw coils, when they are made, are 
taped only to the line X-X in A of Fig. 152. These ends are taped later, 
after they are put in place in the slots. All other coils are taped complete 
as they are first placed in the slots. 

After the first coil is in place, coil No. 2 is put in the second slot to the 
left, as shown in A of Fig. 152. An empty slot is left between coils 1 and 
2. Another slot is skipped and coil 3 is placed as shown. The top half 
of this coil can be put into aslot. This is allowable because the top of coil 
3 will fall in a slot next to the bottom of coil 1. Until this condition is 
reached, only the bottom half of a coil can be put into a slot. Continuing 
in this manner, it will be seen that the top of coil 4 falls in the slot 
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between the bottom of coils 1 and 2. This is correct and the winding 


should be completed in this way. 
Two-layer Winding with One Coil Side per Slot-——An example of 
the two-layer winding having only one-coil-side-per-slot is shown in Fig. 
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Fic. 153.—Slot insulation and end insulation for coils. 


A, B and C illustrate the slot-insulating cell, the treated-cloth sliders, the fish paper spacer “‘ willie’” 
and the fiber wedge. At D is shown how to cut the treated-cloth triangles which are placed between 
the ends of coils in the stator. 


155. This is a picture of the wound stator of a 72-slot, 36-coil, six-pole, 
three-phase stator having a two-layer, diamond-shape, one-coil-per-slot 
winding. 
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Fie. 154—Starting a two-layer winding with one coil side per slot. 


The winding shown in the upper drawing has two coils per group. It is like that shown in Fig. 155. 
In putting in the coils two slots are filled and then two slots are skipped. In the lower drawing where 
the winding has three coils per group, three slots are filled and three slots are skipped. The empty 
slots will be filled later by the top sides of coils. 


This type of winding differs from a basket winding in that the coil is 
usually a pulled coil (mush) and diamond shaped, and that, in winding, 
as many slots are skipped as there are coils per group. In the basket 
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winding, it will be remembered, only one slot is skipped before putting in 
each succeeding coil. Figure 154 illustrates the principle of the two-layer 
one-coil-per-slot winding. The top drawing shows how the coils are 
inserted if there are two coils per group. The bottom half of the first 
two coils are put in slots 1 and 2, then two slots are skipped and two more 
coils are put in, etc. This is the grouping used in the winding in Fig. 
155. The bottom drawing in Fig. 154 shows a winding in which there 
are three coils per group. The general rule is: Put in adjacent slots as 
many coils as there are in one group; then skip the same number of slots 
and repeat. 


Fig. 155.—Two-layer winding with one coil side per slot. This winding has two coils 
per group. It is put in the slots as shown in the upper drawing of Fig. 154. 


Checking Pitch of a Two-layer Winding.—The possibility of using a 
certain pitch may be checked in the same way as explained for a basket 
winding. For instance, with the stator in Fig. 155 there are 72 slots and 
36 coils. This is a three-phase, six-pole machine and therefore there will 
be (8 X 6) equals 18 groups. As there are 36 coils, there will be two coils 
per group. 

If the pitch is 1 and 11, the check is as follows: 


shopyoficoileNow. sey sae Bote. Soe Se Cee Sea ORME rid Mes! Ce oP 9 cemeneS ee | 
SLOtUNO ses nomen x soeiee sei 1 Zs.) Gia 8. 9) 10 13 12 13 4 15 #16 
Bottom, coil No..........-. DS Oe ae sO Gs ey oT ees 


The tops of the coils fall in slots not occupied by the bottoms of coils, 
and therefore this pitch is practicable. However, a pitch of 1 and 12 
would not be possible, as shown in the following: 


Top of coil No.........---. «- Sty ity Sts COR te SO, Be OEE emer | Gr wes en ck} 
lotyNowecienc cists seitiere sree 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Bottom, coil No..........-. ieee vote) Oa 7c, &Oay Gh com Sac ty <8 


* Falls in a slot already occupied. 
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Before putting on this kind of a winding the slots are insulated as 
for a basket winding. Also, as each coil is put in place it is taped in the 
manner described for a basket winding. 

Two-layer Windings with Flat Diamond Mush Coils——Windings 
using a flat diamond mush coil are the commonest in small stators. 
There are a number of different ways of insulating and inserting such 
coils. Figure 153 (A, B and C) shows how the slots are insulated. 
A slot cell of combination insulation is used. This has a fish paper base 
with tan treated cloth shellacked to it. The best thickness is a total of 
0.023 in. This cell is folded to fit the slot as shown, then a treated-cloth 
slider (cell) is used to protect the wires as they are fed into the slot. 
After the bottom half of the coil is in place, the slider is pulled up to the 
top of the slot and cut off as shown in A of Fig. 153. The coil is then 
forced down to the bottom of the slot and the ends of the slider are 
turned over on the coil. A spacer or ‘willie’ is then put on top of the 
coil as shown in B. This spacer can be flat or channel-shaped. For 
springy coils and tight Jobs, the flat spacer wide enough to make a 
tight fit is the best. When it is hammered down, the edges bind on 
the sides of the slot and hold the wires securely. The spacer, however, 
must not be made tight enough to tear the slot insulation. 

Another slider is put in for the top coil, When the coil is in place 
this slider is cut off and bent over the coil and a wedge inserted. The 
wedge can be flat or curved. For narrow slots the curved wedge is the 
better, as the flat wedge has a tendency to slip up. The curved wedge 
is made from 0.056-in. fish paper. 

Three Steps in Inserting Diamond Mush Coils.—In Fig. 156 are 
shown three steps in winding with diamond mush coils. In A may 
be seen the condition in which the coil comes to the winder. The 
coil is taped in the coil department, starting 1 in. on the bottom slot 
section and ending up on the end 1}% in. outside of the top cell. The 
leads are brought out on the bottom of the coil 1 in. from the diamond 
point or nose. They are reinforced with three turns of tape, thus sealing 
up this point and keeping out dust and dirt. 

In putting this coil into the slot, the winder spreads the bottom 
untaped section of the coil out flat with his fingers, then starts the coil into 
the slot, putting the center of the bottom slot section into the corner of 
the slot as shown. ‘Then the coil is pushed across the core until the part 
in the slot reaches the other end of core, when the coil drops down. It 
is now entirely down in the slot, but it sticks out too far at one end. It 
is brought back to its proper position by a sort of see-saw motion. After 
one gets the knack, he can put in a coil very quickly. 

The top half has to be threaded in a few wires at a time. For this 
reason, when the coil is being made the tape is not brought around the top 
cell bend. However, this bare portion must be insulated. This is 
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accomplished by placing one end of a length of 1-in. cotton tape 7% in. 
inside the slot under the treated-cloth slider for the top side of the coil. 
This slider projects well out of the slot. After the coil is in place this 
slider and the tape form a lapped joint on the coil. This is well illus- 
trated in C of Fig. 158. 

The quickest way to get the wires of the top coil side into the slot is to 
use a 14¢-in. fiber drift as shown in B of Fig. 156. Start with the wire 
nearest the core. Push one end of this wire into the slot with the drift. 
Pressing down with the drift, slide it along the wire until it is forced into 
the slot. The principle to learn is to get the wire nearest the slot free 


The picture at C shows how the 


—————— 


s started in. 


which is inserted under the slider before the coil i 


p side of the coil is forced in, one wire at a time by the help of the fiber drift shown in B. The 
short end of this tape is tucked down in the slot after it is passed over the coil. 


pe, 


Fie. 156.—Putting in flat diamond mush-wound coils. 


The bottom side is started in the slot as show 


part of the to 


nat A. The to 


p side next to the slot is insulated with cotton ta 


Fic. 157.—Throw coils tied back to allow bottom side of last coils to be inserted. This is a 
two-layer winding with diamond mush pulled coils. 


from crossings with other wires. After it is once mastered, this method 
is a time saver. 

The tape is then wound around the coil and slider, forming a sealed 
junction. It is see-sawed up and down until the short end projects 
about 114 in. above the iron. This end is then tucked down into the 
slot by means of a blunt and dull knife as shown in C of Fig. 156. Then 
the long end is wound around the bare part of the coil until it is covered. 
| The weakest spot in the winding is at the end of a coil. Dust, etc., will 
accumulate at this point, and if the coils are not well taped a failure will 
result. 

Extra Insulation between Phase Coils.—Extra insulation is required 
at the point between two coils of different phases. One good way to 


—- 
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furnish such insulation is to insert triangles of tan treated cloth between 
the phase coils. Such pieces are shown in A of Fig. 156 and C of Fig. 158. 
These pieces of cloth are cut as shown in D of Fig. 153. The distance a 


a, me 158.—Two-layer windings with flat diamond mush coils. 
none of the coils are taped. They are insulated from each 

: : a. other at both end: t 

SU en eee dee Ese apenas eeg ie anes are used and in cies ieee 
ba i a protection between phases. At C all of th il 

treated-cloth triangles are inserted at evi i h ‘ Oy ie aes 

Een ee L every point where two phases come together. At the left of the 

I 1 'y to receive the bottom side of the next coil to be inserted. Ni 

is shown a slider ready to receive the top side of th il. A stri ier SOLLGE Lae au corton ae: 

ielen Ver Hisehae ee Tete oe P, ide of the coil. strip of 1-in. cotton tape is inserted under 

r . at 4 in. out of the slot. After th i i 
tape is used to make a sealed insulating joint for slider, wedge and a Gi 


equals the distance between outside edges of the coil plus 1 in. The 
length b equals the distance from the iron to the nose of the coil plus 1 in. 
A trial piece should be cut to the proper size. ‘Then, using this as a guide 
cut the cloth into squares as shown and cut these into two pieces none 
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the diagonal. Insert one of these triangles at each end of the coil before 
putting the top side in the slot. The edges of the triangle are allowed 
to project until the winding is completed. Then they are trimmed close 
to the coils. When properly done, this makes a thorough job for motors 
which must operate in dirty, dusty or damp places or in locations with 
metallic particles in the air. 

There are other methods of insulating the coil ends. One of these is 
used with coils which are not taped. The end insulation is then furnished 
entirely by the treated-cloth triangles inserted beneath each coil. This 
type of insulation is shown in A of Fig. 158. This method of insulating 
the coils is very quick and is satisfactory for most applications when the 
complete winding is thoroughly impregnated. For 110, 220 and 440 
volts, one thickness of 0.009-in. insulation is sufficient. It is not neces- 
sary to put an additional thickness between phases. 

Another method of insulating coil ends where extra phase insulation is 
required, due to dust, ete., is shown in B of Fig. 158. This consists in 
taping only the last coil of each group with one half-lapped layer of 
0.007-in. cotton tape in addition to the treated cloth between coil ends. 

Two-layer Winding with Diamond Mush Pulled Coils:—The mush 
pulled coil is another type that is used on partly closed slots of stators. 


2 3 2 
a la won a 7 
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Fie. 159.—How strap-copper coils are put into the slots. The figures on the straps 
indicate the order of placing them in the slot. 


Such a coil is not wound in layers and is not taped. It is tied together at 
each of the diamond points. These coils are fed into the slots in the 
same way as the flat diamond mush coils just described and also shown 
in Fig. 150. At the left are some of the coils and a stator partly wound. 
The coil ends are not taped but are insulated with triangular pieces of 
treated cloth, as already described. Figure 157 shows how the throw 
coils on this or any other type of winding may be tied back out of the way 
to allow the last coils to be put in the bottom of the slots. 

When winding any type of stator the less pounding that is done to 
shape the coil, the better. It is the duty of the coil department to fur- 
nish coils of the right size. They should not be smaller than the old 
sample coil, a little larger, if anything. With a proper size and shape of 
coil very little pounding is required, only a light tap at the nose of the 
coil and on the sides of the ends. 

Threaded-in Strap-copper Coils.—There are some stators having par- 
tially closed slots which are wound with coils made of strap copper. Fig- 
ure 159 illustrates the methods of putting such coils in the slots. At cis 
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shown a three-turn coil with the slot opening in the center and just wide 
enough to pass one strap at a time. The numbers on each strap in the 
drawing indicate the order in which they are put in. Ata, strap No. 1 
is put in and pushed over to the left as far as it will go. Then No. 2 is 
put in and pushed to the right, after which No. 3 is forced between 1 and 
2 as at b. 

At d is shown a two-turn coil in an overhanging slot. Bar No. 1 is 
put in and forced under the overhang of the tooth and then No. 2 is 
forced down straight. At c is a two-turn coil with the opening in the 
middle of the slot. The last strap has to be inclined a bit to get it in. 


CHAPTER XXII 


CHANGING SINGLE-PHASE WINDINGS FOR TWO- AND THREE- 
PHASE OPERATION 


Requests frequently come to a repair shop to change a single-phase, 
induction-type motor for operation on a two-or three-phase circuit in 
order to eliminate the centrifugal switch used in starting a single-phase 
motor. In such a case the core, frame and rotor is available and the first 
puestion that comes up is the rating that can be expected for two-or three- 
phase operation. 

Estimating the Two- and Three-phase Rating of a Single-phase 
Motor Frame.—A single-phase motor frame is about 1.5 times the size 
of a corresponding two- or three-phase motor of the same horsepower 
and speed, which means that when changing from single-phase to three- 
or two-phase with the speed remaining the same, the single-phase horse- 
power rating can be increased 1.5 times. 

There is another and better method for determining what horse- 
power a given frame is capable of developing, that can be used when an 
old core on which the winding has been removed is available. This 
method makes use of the number of cylindrical inches in the core, using 
the inside diameter, which is the bore B squared, times the length of 
the core. Thus (B X B XL) determines the maximum horsepower 
rating of any frame. 

In Table II are given the minimum cylindrical inches allowance for 
each horsepower rating from 14 to 744. The values given are for cores of 
four-pole, 60-cycle, 1,800-r.p.m. motors. In a footnote under Table II 
the formula for determining the cylindrical inches required for six- 
and eight- and ten-pole, 60-cycle motors is given. 

Table III gives some values taken from rewound motors. These 
values can be used for comparisons or checks. 

In Table IV are given the cylindrical inches of stators having a bore 
of 244 in. to 914 in., in steps of 1¢ in., and the length of core from 1 in. to 
4 in. The first column gives the bore in inches, the second column the 
value of bore B squared (B X B); then each succeeding column gives the 
value of (B X B X L) or cylindrical inches, corresponding to the bore at 
the left of the line and the length of core at the head of the column. 

How to Use Tables for Finding Hp. Rating of Single-phase Frame 
for 2- or 3-phase Change.—The following example willshow how to use the 
accompanying tables, Assume a stator that has a bore of 6 in. and a. 
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core length of 214 in.: What are the cylindrical inches? First locate the 
figure 6 in the bore column in Table IV. Then look along this line until 
under the heading of 214 in. we find 90, which is the cylindrical inches of 
this core. According to Table II this core is good for 3 hp. at 1,800 
r.p.m., 60 cycles; or 3 + 1.5 equals 2 hp. at 1,200 r.p.m.; or 3 + 2 equals 
1.5 hp. at 900 r.p.m.; or 3 X .3865 equals 1.095 hp. at 720 r.p.m. , The 
above procedure can be followed for determining the horsepower rating of 
any core within the limits given. 

How to Determine Turns, Size of Wire and Coil Pitch When Changing 
Single-phase Winding.—The next step is to determine the number of 
turns, size of wire, and coil pitch. To get the turns, the flux per pole 
per phase must be figured. This is done by the use of the formula (0.636 
x 8; X L X Bm), where S; is the pole pitch which is equal to (bore 
X 3.14) divided by number of poles. Values for S, are given in Table V; 
L equals length of core. When length of core is stated, it means actual 
length of iron, not including ventilating ducts or endplates. By is the 
magnetic density in the air gap in lines per sq. in. and runs from 20,000 to 
30,000 for motors up to 734 hp. with closed slots. A good average value 
for four and six poles is 25,000 lines per sq. in. For an eight-pole motor 
it would be 20,000. ‘Then the flux per pole for a 6- by 2}4-in. stator would 
be figured as follows: Si according to Table V for four poles is, 4.712. 
Then the flux equals (0.636 X 4.712 X 2.5 X 25,000) equals 187,250 lines. 

Size of Wire Required and Number of Turns.—To help in estimating 
the size of wire required the table on page 192 is given. This table gives 
the ampere rating, efficiency and power factors for 220 volts. For 110 
volts multiply these values by 2; for 440 volts divide by 2; for 550 
volts multiply by 0.4. ' 

In the following examples we will use 80 per cent coil pitch, or coil 
pitch equals (1 and 1 plus number of slots divided by number of poles 
times .80). For forty-eight slots and four poles, the coil pitch is (1 and 
1 + 48 + 4 X .80) equals [1 and 1 + (12 X .80)] or (1 and 1 + 9.6 
which is 1-and-10. 

For a two-phase motor, the turns per phase with a series connection 
will be: 

T = (E X 100,000,000) + (4X @ XF), where E equals the line 
voltage, @ the flux per pole, and F the frequency. Then the turns per 
coil equal 7' divided by the coils per phase. 

For three-phase, the turns per phase for a series-delta connection will 
be: 

T = (E X 100,000,000) + (4.25 X ®XF). For a series-star con- 
nection, the turns per phase become (EZ X 100,000,000) + (7.385 X ® X F). 

A series-star connection requires less turns of a larger wire, and a 
series-delta connection a greater number of turns of a smaller wire. The 
majority of motors are star-connected. So the safe procedure is to figure 
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out the turns for a series-star connection and then if the wire is too large 
try a series-delta connection. 

We will next work out one or two examples: First, take the stator 
having a 6-in. bore and 2}4-in. length of iron. 'Thismotoris good for 3 hp. 
at 1,800 r.pm. When it is to be operated three-phase, 220 volts, 60 
cycles, the flux per pole equals (0.636 X 4.712 X 2.5 X 25,000) or 187,250 
lines. Then for a series-star connection, 7' per phase equals (220 X 100,- 
000,000) = (7.385 X 187,250 x 60) equals 266 turns. As this stator has 
forty-eight slots, we will use a twolayer, diamond-shape mush coil. There 
will be forty-eight coils, or 48 + 3 equals 16 coils per phase. Then the 
turns per coil equal 266 + 16, equals 16.6 or sixteen turns will be close 
enough. 

By the table on page 192, a 3-hp. 220-volt, four-pole motor will take 
8.1 amp. From Table II we find that a 3-hp. motor requires 600 cire. 
mils per ampere. This size of wire in circ. mils equals 8.1 < 600 equals 
4,860 cire. mils. Then from wire Table VI we find the nearest size is No. 
14 with 4,107 circ. mils or No. 13 with 5,178. No. 14 will do, but if there is 
enough room in the slot for No. 13 it would make a more efficient motor. 

The best method of determining whether an estimated size of wire 
can be wound is to insulate one slot; then cut up small lengths of wire of 
the gage size figured and fill the slot with the required number of turns. 
In this case we would try 2 X 16 equals 32, No. 14 double-cotton-covered 
wires. 

When the size of wire required is above No. 15 and it is desired to 
make a mush coil, the better procedure would be to double the turns, 
halve the size of wire and use a parallel connection. This makes a coil 
that is easier to handle and shape. In this case we could use thirty-two 
turns of one No. 17 wire per coil and connect for two-parallel star. 

When a delta connection is used the amperes per terminal, as given 
in Table I, must be divided by 1.73 to get the amperes per phase. Or 
in the case just figured, 8.1 + 1.73 equals 4.624 amp. Then the cire. 
mils required equals 4.624 < 600 equals 2,774.4, or a No. 16 wire will 
do. 

Another and better method of figuring the size of wire in cire. mils 
for a delta connection is to take the value given in the table on page 192 
for the proper voltage and multiply it by 0.57. Then multiply this 
answer by the cire. mil allowance given in Table IJ for the required 
horsepower rating. In the case just figured (8.1 X .57 X 600) equals 
4.617 X 600 or 2.770.2, which is close enough. 

Determining the Coil Pitch—The next step is to find the coil pitch. 
This equals [1 and 1 + (48 + 4) X .8] equals (1 and 1 + 12 X .8) equals 
1 and 10.6, or l-and-10. 

The method outlined above can be used in the same manner for two- 
phase machines. All unnecessary calculations have been eliminated, 
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the purpose being to enable the average electrician to develop a motor Sette Uo ABER ETETL Conia oe 
that will run and carry its rated load satisfactorily and with reasonable These values are per horsepower for 4-pole, 60-cycle, 1,800 r.p.m. motors 
efficiency. a ceca 
The rotor can be used as it is, but see that all joints between end-rings Hp Mine BCR CL peer 
b S " 5 per amp. 


and bars make good contact. The cutout switch used on the single-phase 
winding should be removed. 
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Taste IV.—CyninpricaL Incues OBTAINED FROM Bors anp Lenetu or JRon oF 


TaBLE V.—VALvES OF Pork Prircn ror Dirrerent Borges AnD POLES 
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4 16.00 16.00 20.00 24.00 28.00] 32.00 30.00 40.00 44.00 48.00 52.00 56.00 60.00 84.00 Ee aos 5.695 2.847 1.898 74 22.38 11.190 5.595 3.730 
414 17.01 |} 17.01 | 21.27] 25.52] 29.77| 34.03] 38.28] 42.53) 46.79] 51.04] 55.30] 59. 5 : 34 11.78 5.890 | 2.945 | 1.963 7 22-7 ; 
414 18.06 | 18.06 | 22.58] 27.09] 31.61| 36.13| 40.64] 45.15] 49.67| 54.18] 58.71) 63.22) 67.73] 72.26 334 12.17 Bi, || Bae sae bo oa ie ue ae BSD || SoCal 
434 19.14 | 19.14 | 23.93| 28.71) 33.49] 38.28] 43.17] 47.85 52.64} 57.42] 62.21) 67.10] 71.88] 76.56 : : : 3 78 : 11.585 | 5.792} 3.861 
414 20.25 | 20.25 | 25.31] 30.37| 34.43] 40.50] 45.56) 50.62] 55.68] 60.75| 65.81} 70.87) 75.93] 81.00 734 £3.56 | 11.780 | 5.890] 3.926 
45% 21.39 | 21.39 | 26.74) 32.08] 37.42| 42.78] 48.13} 53.47! 58.89] 64.17] 69.52| 74.87] 80.21) 85.56 4 12.57 6.285 | 3.142 | 2.095 756 23.95 | 11.975 | 5.987] 3.992 
454 22.56 | 22.56 | 28.20] 33.84] 39.481 45.12| 50.76| 56.40] 62.04] 67.68| 73.32) 78.96) 84.50| 90.24 4k 12.96 G28p || Baan || Bae we sae - ; : 
474 23.76 | 23.76 | 29.70| 35.64] 41.60) 47.53] 53.46) 59.40) 65.34) 71.29) 77.23) 83.16) 89.00] 95.06 z ‘ : c 74 = 12.175 | 6.087 | 4.058 
414 13.35 6.675 | 3.337] 2.225 WOR 24.74 | 12.370 | 6.185] 4.123 
oe 25.00 25.00 81.25 37.50| 43.75 50.00 56.25 62.50 68.75 75.00 B1.25 87.50 93.75 four 434 13.74 6.870 | 8.435 | 2.290 
5 26.26 | 26.26 | 32.83] 39.40] 45.96] 52.53] 59.10] 65.66] 72.23) 78. : 93] 98. : 4s re a 
Bh 27.56 | 27.56 | 34.45| 41.35] 48.23] 55.12| 61-90] 68.91] 75.80| 82.69] 89.57) 96.35|103.25/110.25 By Ae B® || EB || Sebel & 25.13 | 12.565 | 6.282 | 4.188 
536 28.89 | 28.89 | 36.11] 43.38] 50.55] 57.78! 65.00] 72.27] 79.49] 86.67] 93.89|101.11]108_38]115.56 6 4.53 7.265 | 3.6382 | 2.421 836 25.53 | 12.765] 6.382 | 4.255 
514 30.25 | 30.25 | 37.81] 45.38) 52.93] 60.50] 68.06| 75.63] 83.19] 90.75] 98.31|105.87/113.46]121 00 434 14.92 7.460 | 3.730] 2.486 84 25.92 | 12.960 | 6.480| 4.320 
558 31.64 | 31.64 | 39.55] 47.46] 55.37] 63.28] 71.20] 79.10} 87.00] 94.92|102. 83) 110. 75/118.66)126.56 414 15.32 7.660 | 3.889 | 2.553 836 asegy lire es : 
534 33.06 | 33.05 | 41.32) 49.59] 57.86] 66.12) 74.38] 82.65] 90.91) 99.18|107.44]115.70)124 .97|132.25 : : ; ; 8 2 +155 | 6.657 | 4.385 
56 34.51 | 34.51 | 43.14] 51.77) 60.40) 69.03] 77.65| 86.28] 94.91]103.541112. 17|120.79|129 .42|138.06 2 ieee 84 26.70 | 18.350 | 6.675] 4.450 
71 7.855 | 3.927] 2.618 856 27.10 | 13.55 77 
6 36.00 | 36.00 | 45.00] 54.00] 63.00] 72.00] 81.00] 90.00] 99.00]108 .00]117.00]126.00]135.00}144.00 5K 16.10 8.050 | 4.0251 2.683 ES 27.49 a a gies sue 
6% 37.51 | 37.51 | 46.90| 56.27| 65.65] 75.03| 84.41] 93.78|103. 16/112.54]121 .93]131 30/140. 68] 150 .06 é ‘ ; : : 74, e : : 4.581 
64 39.06 | 39.06 | 48.82] 58.59] 68.36] 78.12} 87.92] 97.65|107 42/117. 18/126.941136. 71) 146.48) 156.24 74. 16.49 8.245 | 4.122) 2.748 826 27.88 | 18.940 | 6.970 | 4.646 
636 40.64 40.64 50.80 60.95 1.12 81.28 91.44 101.50 111.76 we 152.08 142.23 152.40 162.56 53 16.89 8.495 | 4.247] 2.835 
614 49.95 “25 | 52.80} 63.37] 73.83] 84.50] 95.05/105.621116.08]126. 75|137.30| 147 .87)158.33|169.00 5 A = 
656 43.89 | 43.89 | 54.86] 65.83| 76.80] 87.78] 98.75|109. 72/120. 69|131.67/142. 64) 153.61|164.58)175.56 a ee 5 Se Perce) | oes S| mes 28.27 | 14.185 | 7.067 | 4.711 
634 45.55 | 45.55 | 56.94| 68.32) 79.71) 91. 10/102. 49)113.87)125 .26]136. 65) 148 .04] 159. 42]170. 83) 182.20 9 7.67 8.835 | 4.417 | 2.945 9% 28.67 | 14.385] 7.192] 4.795 
64 47.27 | 47.27 | 59.08] 70.90| 82.72] 95.54]106.35|118. 17/130 .00)141 .81]154. 62|165.44|178.26] 191.08 534 18.06 9.030 | 4.515 | 3.010 9% 29.06 | 14.530 | 7.265 | 4.848 
57 oy i o 
7 49.00 | 49.00 | 61.25] 73.50] 85.75] 98.00|110.25]122.50|134. 75] 147.00]159.25|171 .50|183.75|196.00 ae EN ae ee ae | oa ae gE) a ee) eh 
74 50.77 | 50.77 | 63.46] 76.15} 88.85|101.54| 114 .23|126.92|139 .62]152.31|165.00| 177. 69| 190 .39]203 .08 944 £9.85 | 14.925 | 7.462] 4.975 
714 52.56 | 52.56 | 65.70] 78.84] 92.00/105. 12/118 26/131 .40]144 56/157. 68|170.82|183 96] 197. 12/210 .24 
736 54.39 | 54.39 | 67.98} 81.58] 95. 18|108.78|122 37/135. 97]149.57|163.17|176 . 76] 190 .36]208 .96) 217.56 
714 56.25 | 56.25 | 70.31) 84.37) 98.44)112. 50) 126.56) 140. 62/154. 69| 168. 75| 182.81] 197. 87|210 94/225 .00 
756 58.14 | 58.14 | 72_67| 87.20/101.75|116. 28] 130.81)145.34)159. 89|174 42|188.95|203. 48|218 03) 232 56 
734 60.06 |} 60.06 | 75.07] 90.09]105. 10|120. 12}135. 13|150. 15]165. 16]180.18|195. 19]210.21/225 221240 24 
7 62.02 | 62.02 | 77.52) 93.03]108.53/124 .04]139.54] 155 .05]170.55|186.06)201 . 56]217.07|232 57,248.08 
8 64.00 | 64.00 | 80.00) 96.00]112.00}128..00] 144 .00]160 .00]176.00}192 .00|208 . 00]224 .00}240..00]256.00 
86 66.02 | 66.02 | 82.52] 99.03]115.53}132.04/148. 84) 165 .05|182.55|198.06]214 . 56|231 .07|247 .57|264 08 
814 68.06 | 68.06 | 85.07/102.09]119.11]136. 12] 153. 13/170. 15/187. 17|204. 18|221 . 19}238.21|255 23/272. 24 
834 70.14 | 70.14 | 87.67|105.21]123.77| 140.28) 158 .81}176.35}193.91|210.42|227 .95|247 .49|263 05/280. 56 
814 72.95 | 72.25 | 90.31]108.37|126.44|144 50] 162.56]181 .62}198. 69|216. 75/234 .81|253.87|270. 941289 00 
856 74.39 | 74.39 | 92.98]111.58|130. 18] 148.78! 167.37]185 .971204.57|223..17|241 .76|260.36|278. 96129756 
834 76.56 | 76.56 | 95.70|114.84| 134 .00| 153. 12|1'72.26]191 .40|210. 561229 .68]248. 821267 96/287. 121306. 24 
814 78.77 | 78.77 | 98.46]118.15]137 .85|157.54|177 .23|196 921216. 62|236.31|256 00/275 .69{295 39/315 .08 
9 81.00 | 81.00 |101.25/121 .50]141.75|162.00/182.25]202 501222. 75|243..00|263..25]283 50/303. 75]324 .00 
914 $3.12 | 3.12 |103.90]124 .68]145. 46] 166.24] 187 02207 .80|228. 581249 .36|270. 14]290 921312 . 70/332.48 
944 85.85 | 85.56 |106.95]128.34]149. 73] 171.12] 19251213 .901235 .20|256. 68|278 .07|299. 461320. 85|342.24 
934 87.89 | 87.89 |109.86|131.83]153.81|175.78) 197.75)/219.72|241 . 70|263.67|285 64/307 611339. 59/351. 56 
914 90.25 | 90.25 |112.81}135.371157.94| 180. 50|203 .06|225 .62|248 20|270. 75/293 .31]315.87|338.44|361 .00 ; 


* Values given in this line are lengths of core in inches. 
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Taste VI—Dimenstons or Barn, Dousie-coTToN-COvVERED AND SINGLE-COTTON- 
COVERED AND ENAMELED WIRE 


Diameter in inches ; | Area, 
Size B. & 8 
eae Bare D.C.C. |$. C. and En. Sq. in. Circ. mils 
1 . 2893 SSE: i; erent . 06753 83,690 
2 . 2576 S2ESO) | estan -05213 66,370 
3 . 2294 SPRAY ||| Se ate 04134 52,630 
4 . 2043 ODD Seb kpeteeses 03278 41,740 
5 .1819 PLGOGs Basia . 02600 33, 100 
6 .1620 .1780 ven - 02062 26,250 
e .1443 PALGOS® ||| Vesa. -01635 20,820 
8 . 1285 sleU.by NI Santo .01297 16,510 
9 .1144 SLZGAS ll aera ees - 01028 13 ,090 
10 .1019 POD Ny cece eters - 00815 10,380 
11 .0907 OOO" Ol Bee. . 00647 8,234 
12 . 0808 - 0908 .0875 00513 6,530 
13 .0720 - 0820 - 0787 . 00407 5,178 
14 . 0641 .0731 -0707 - 00323 4,107 
15 . 0571 . 0661 - 0637 - 00256 3,257 
16 - 0508 0598 -0573 . 00203 2,583 
17 - 0452 - 0542 -0516 00161 2,048 
18 . 0403 - 04938 - 0467 - 00128 1,624 
19 . 0359 .0449 . 0423 .OOLO1 1,288 
20 .0320 .0410 - 0382 . 00080 1,022 
21 0285 -0875 - 0346 . 00064 810.1 
2 0253 . 03848 0315 . 00050 642.4 
23 - 0226 .0316 - 0286 - 00040 509.5 
24 . 0201 0291 . 0262 - 000382 404.0 
25 .0179 . 0269 - 0239 - 00025 320.4 
26 -0159 0249 .0219 . 000199 254.1 
27 .0142 . 0232 .0201 - 000158 201.5 
28 - 0126 .0216 - 0185 -000125 159.8 
29 -01138 .0203 .0170 - 0000995 126.7 
30 -0100 0190 .0158 . 0000789 100.5 


CHAPTER XXIII 


TESTING SINGLE-PHASE MOTORS WHILE AND AFTER 
WINDING 


While rewinding single-phase motor stators of the split-phase, uni- 
versal or repulsion type, there are number of faults that may occur. 
How to locate these faults is dealt: with in this chapter. 

Locating Grounds.—The commonest fault or defect is the grounding 
of the running or starting windings in some way. To locate a ground, 
test the winding with the type of transformer shown on page 224 of Chap. 
XXIV and apply 900 volts between each winding and ground. By watching 
for smoke or a flash, the point of contact can usually be found. It is 
best to test the winding for grounds after the coils (running and starting) 
are in place and all the slot wedges driven in before connecting. 

Testing for Short Circuits.—The next step is to test for short-circuited 
turns. This can be done by means of the screw driver test as explained 
in Chap. XIII (page 107) or by the use of the small growler described on 
page xii. Place the growler in the field and over one slot. Then place 
a piece of thin steel strip over the slot on the opposite side of the pole that 
contains the other half of the coil. If there is a shorted turn in either of 
these two slots, the steel strip will be attracted to and will vibrate over 
the slot on which it is held. Now, move the growler and steel strip one 
slot at a time, being sure to keep the steel strip (sometimes called a feeler) 
one coil pitch away from the growler. With concentric windings start 
on the outside coil of each group and work both growler and steel strip 
or keeper one slot at a time towards the center coils. The same method 
should be followed for either running or starting windings of the split- 
phase type and also for the series and compensated universal motor types 
and the stators of repulsion motors. 

Checking Polarity of Windings.—After connecting the coils, the 
polarity of each winding and coil should be tested. To do this pass direct 
current through a lamp bank connected in series with the stator. Then 
with a compass or a magnetized steel needle suspended on the end of a 
string, test the polarity of each coil. For salient poles they should alter- 
nate north, south, etc. For consequent poles each coil should have the 
same polarity but a pole of opposite polarity should be formed between the 
coils, this pole being formed by the flux set up in each coil. 

The polarity of the starting coil in reference to the running coils 
determines the direction of rotation as explained in Chap. XVIII. 
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Balancing the Rotor.—The rotor should be balanced to lessen vibra- 
tion. This operation is illustrated in Fig. 160 which shows the balancing 


Fic. 160.—Balancing knife edges for truing up single-phase rotors. Metal is drilled out 
of the side on which the high spot is found. 


Fic. 161.—Method of making a torque test. When this test is made one man should 
ae the scale readings in pounds and the other the meter readings so as to get simultaneous 
readings. 


ways for truing up small rotors. Metal is drilled out on the heavy side 
of the rotor. . 
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Testing Rotor for Poor Bar Contact.—After the motor is assembled, 
the rotor can be tested for poor bar contact as follows: Apply a low 
alternating current voltage to the stator with a suitable ammeter in 
circuit. Then turn the rotor slowly and note the meter needle. If it 
remains steady the rotor is O.K. but if it fluctuates, the amount of fluc- 
tuation depends upon the degree of contact in the rotor. If much 
deflection is noticed, it is advisable to resolder the rotor. 

Another method of testing rotor contact is by the torque the motor has 
when put on full line voltage. In cases of very poor contact the differ- 
ence in torque can be felt with the thumb and finger, but for more elab- 
orate torque tests the outfit shown in Fig. 161 can be used. ‘This is 
the well-known pony-brake test. 

Testing Centrifugal Switch The centrifugal switch should be tested 
by starting and stopping the motor a number of times. This will show 
up sticking or defective operation. 

Testing for Brush Position—The straight series-type motor can be 
tested for brush position as explained in Chap. XVIII, page 156. Also 
a study of the diagrams in Chap. XX on fan motors will help trace 
out the brush position in reference to coil and field. After a winder 
becomes familiar with the compensated winding and can tell the main 
winding, the poles can be located and the brush position determined 
as explained. 

Checking for Wrong Connections.—In some cases a wrong connection 
of coils is used; that is, a series where it should have been parallel, or vice 
versa, or a 220-volt winding is put in a 110-volt stator, etc. These defects 
can be determined by the motor torque, heating, etc. 

If a motor is connected in series instead of parallel and put on its 
rated voltage it will develop less torque than expected since the torque 
decreases as the square of the voltage. If connected in parallel instead 
of series, the torque will be increased, but the motor will get hot and make 
quite a noise since it is qperating on twice normal voltage. 

Locating Troubles in Single-phase Repulsion Motors.—The following 
instructions for inspecting and testing single-phase repulsion induction 
motors for operating troubles are taken from a bulletin published by the 
Wagner Electric Corporation, St. Louis, Mo., and in general apply to 
other similar designs. 

Failure to Start.—This may be due to the following causes: 

1. Fuse blown. Replace fuse. 

2. No voltage or low voltage. Measure voltage with a reliable 
voltmeter. 

3. Excessive load. Reduce the load on the motor. 

4, Motor connected for the higher voltage rating and lower voltage 
rating applied. Change motor connection to correspond to the line 
voltage on which motor is to operate. See Fig. 165. 
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Failure to Release Brushes on Full Load.—The following are possible 
causes of this trouble: 


1. The commutator may be dirty. Clean with a piece of fine sand 
paper wrapped over a block of wood. 


ic 
Fic. 162.—Rotor of single-phase motor showing weights that flyout and short circuit the 
commutator when the brushes are released from it. 


2. Brushes worn too short to make good contact. Replace brushes 
with new ones. 

3. Frequency of supply circuit too high. If the generator is near by, 
the frequency may be determined by multiplying the revolutions per 


Fig. 163.—Rotor of single-phase motor showing spring against which the short circuiting 
weights act. 


minute of the generator by number of poles, and dividing by 120. It 
may also be determined by means of standardized frequency meter. 
It is not sufficient to take the frequency or the speed from the nameplate 


TESTING SINGLE-PHASE MOTORS WHILE AND AFTER WINDING 201 


of the generator, as the governor of the engine may have changed, thus 
changing the speed. If the motor will start and release its brushes with 
belt off, its speed will be very close to synchronous speed. Approximate 
normal no-load speed of motor is the full-load speed stamped on the 
nameplate, divided by 0.95. 

High frequency decreases the starting torque so that the motor may 
not be able to reach the speed at which the brushes are normally released. 
Rarely, however, is the frequency high enough to cause this trouble. 
The remedy is to decrease the frequency, if possible, and if not, decrease 
pulley size to give the driven machine or the line shaft the same speed as 


Fig. 164.—Field, rotor and brush assembly for Wagner single-phase repulsion motor. 


withnormal frequency. (See paragraph on adjustment of spring tension.) 
In any event, the motor will not develop full capacity. 

4. Low voltage. Starting torque, or turning power of motor, decreases 
as the square of the voltage. Therefore, a decrease in voltage will cause 
a much greater decrease in torque. Voltage should be raised to normal 
operating value. If the motor is at the end of a long line, measure the 
voltage at both ends of the line, when motor is starting, and when motor 
is running. If the drop is considerable, a larger wire should be used. 
If the voltage at the service entrance is low, the generator voltage should 
be raised. If this is impossible the voltage may be raised by installing a 
transformer with variable voltage taps. 

5. Brush setting incorrect. Even if rocker arm mark is opposite 
index, try moving slightly each way from index. The brush setting as 
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determined by the factory is for average conditions of service, and special 
conditions may require a slightly different setting. 

6. High-voltage motor connection on lower voltage line. Change 
motor connection to correspond to line voltage upon which motor is to 
operate. See Fig. 166. 

7. Excessive load. A Wagner single-phase motor may be able to 
start an excessive load and still not be able to carry this load up to the 
normal speed at which the brushes will be released. 

8. Governor weight studs loose. Remove end plate and tighten if 
there is any more side play of governor on stud than is necessary for free 
operation. 


BA MOTOR 


SA MOTOR 


Fig. 165.—Terminal connections for highest voltage stamped on name-plate. 


Failure to Release Brushes on No Load.—Look for these causes: 
1. Armature rubbing on the field. This may be due to: 
(a) Extraneous material in the air gap. 
(6) A sprung shaft, though not likely in a Wagner motor, unless 
it has had extremely rough handling in transit. 
(c) Worn bearings. 

2. Broken parts of the governor mechanism can be determined only 
by dismantling. (See following paragraph on motor assembly.) 

3. Governor weights stick. Remove spring of governor mechanism. 
Governor weights should move on their pivots freely. 

4. Short circuit in armature. This will decrease the starting torque 
of the motor and increase the starting current. Short-circuited coils are 
indicated by excessive heating of these coils during starting period. 
Short circuit may be determined by removing the brushes and closing the 
line switch. A failure to revolve the armature easily by hand indicates a 
short circuit. The motor armature may rotate part of a revoluton, and 
then stop suddenly. 


~ 
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Brushes Return to Commutator after Being Released.—One of the 
following conditions will usually be found: 

1. The governor device operates at a speed greater than the speed 
under load. Such a condition may be caused by low frequency or too 
great tension on the governor spring. The latter need not be expected 
unless motor has recently been dismantled or adjusted. 

2. The governor device operates at a speed so low that the induction 
motor torque is insufficient to pull the load up to speed. In this case 
the motor will usually behave more or less normally without load. Such 
a condition may be due to a frequency several per cent higher than nor- 
mal, or to insufficient tension of the governor spring. (Refer to the 
paragraph on adjustment of the spring for models shown in Fig. 158.) 

Hot Bearings.—This may be due to the following: 

1. Poor grade of oil. Always use a good grade of red engine oil such 
as recommended by leading oil refiners. 

2. Dirty oil. If the motor is in a dusty place, the oil will soon become 
gritty, and the bearings will become hot and wear rapidly. Oil wells 
should be drained at least. once at month, and clean oil substituted. A 
practically dust-proof bearing can be supplied at a small extra cost. 

3. Insufficient oil. Be sure that the oil level is always up to the oil 
well limit overflow. The overflow in most of the smaller sized motors, 
is a drilled hole in the end of the bearing housing, while in the larger size 
motors, the overflow holes are arranged in the sides of the oil well, with 
hinged brass covers. 

4, Oil rings not rotating. Open oil well cover and note whether oil 
rings are carrying oil up to the bearings. If the ring is rotating but not 
carrying oil, there is insufficient oil in the well. Very little trouble need 
be looked for from this source, if the oil is kept at the proper level as 
determined by the oil overflow hole. On this account some of the bear- 
ings are arranged so that an inspection of the oil rings is impossible. 

5. Bearings out of alignment, caused by dirt or foreign matter in the 
joint between motor frame and end plate. This will cause a binding in 
the bearing, which will tend to make it run hot. 

6. Motor throws oil. If it is found that oil is drawn into the motor, 
from the bearings, thus tending to flood the windings, it probably will 
be found that oil has been poured into the oil well, above the level of the 
overflow hole, or that the duct leading back to the oil well from the ends 
of the bearings, has become stopped with foreign matter. 

Motor Heats on Light Loads.—Such trouble may be due to: 

1. Low frequency. (Only if very low.) 

2. High voltage. (Considerably above normal.) 

3. Local heating in stator winding, due to short circuit in winding. 

4, Lower voltage motor connection, on higher voltage line. Change 
motor connection to correspond to line voltage. See Fig. 165. 
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Motor Heats When Loaded.—This may be due to: 
1. Incorrect frequency. 

2. Low voltage. 

3. Excessive overloads. 


BA MOTOR SA MOTOR 


Fig. 166.—Terminal connections for lowest voltage stamped on name-plate. 


4. Incorrect line connection to motor leads. 

5, Note that a motor should not be considered in danger because it 
feels hot to the hand. A thermometer should be used to determine the 
temperature rise if excessive heating is suspected. 


BA MOTOR BA MOTOR 


Fig. 167.—Terminal connections for Wagner BA motor (Models 8 and 9). 


Spring Barrel Assembly Shown in Fig. 171.—Place brush holder 
ring (P-2) on spring barrel (Q-2). Screw in spring barrel nut (F-2) 
until brush holder ring (P-2) can be moved back and forth on spring 
barrel about 1(¢-in., and serew hole is opposite slot in spring barrel. 
Insert spring barrel nut screw (G-2). 
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Spring Barrel Assembly Illustrated in Fig. 172.—Place brush holder 
ring (P-3) flange side first on spring barrel (Q-3). Screw in spring barrel 
nut (F-3) until it holds brush holder ring (F-3) flush with end of spring 
barrel (Q-3). Turn spring barrel nut (F-3) until screw hole is opposite 
slot in spring barrel. Insert spring barrel nut screw (G-8). Screw brush 
holder ring nut (N-3) into brush holder ring (P-3) until flush with brush 
holder ring, and screw hole is opposite hole in brush holder ring. Insert 
brush holder ring screw (O-3). 

Spring Barrel Assembly Illustrated in Fig. 173.—Place brush holder 
ring (P-4) flange side first, on spring barrel (Q-4). Insert spring barrel 


Frc. 168.—Position of BA motor governor mechanism when motor is at rest. 


(A) Knock-off link; (B) Brush holder knock-off; (C) Brush holder index pointer; (D) Brush holder 
clamp; (5) Brush holder rocker arm; (F) Spring barrel nut; (G) Spring barrel nut screw; (H) Spring 
nut key; (I) Spring nut key screw; (J) Spring nut; (I) Governor spring; (L) Rocker arm bracket; 
(M) Rocker arm set screw; (N) Brush holder ring nut; (0) Brush holder ring screw; (P) Brush holder 
ring; (V) Spring barrel; (R) Brush; (8) Brush holder spring; (T) Commutator; (U) Short-circuiting 
weight; (V) Connecting rod; (W) Spring barrel snap ring. 


snap ring (W-4) until spring barrel snap ring (W-4) until it snaps in place. 

Spring Barrel Assembly Illustrated in Fig. 174.—Place brush holder 
ring (P-6) flange side first on spring barrel (Q-6) with spring barrel washers 
(Z-6) next. Insert spring barrel snap ring (W-6) until it snaps in place. 

Motor Assembly.—Refer to Fig. 168, which shows the assembly 
of motors of the larger models. Place short-circuiting weights (U) in 
groove in spring barrel, straight edge to spring barrel, and supporting 
wire end toward brush holder ring. Place whole assembly on shaft and 
push back into armature until stopped by connecting rods (V). 
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Fre. 169.—Position of governor mechanism at rest, Models 8 and 9-BA. 


(A-5) Knock-off link; (B-5) Brush holder knock-off; (D-5) Brush holder clamp; (£-5) Brush holder 
rocker arm; (K-5) Governor spring; (M-5) Rocker arm set screw; (P-5) Brush holder ring; (V-5) Spring 
barrel; (R-5) Brush; (S-5) Brush holder spring; (T-5) Commutator; (U-5) Short-circuiting weight; 
(V-5) Connecting rod; (W-5) Spring barrel snap ring; (X-5) Governor spring retainer washer; (2-5) 
Spring barrel fibre washers. 
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— Position of BA governor mechanism when motor has attained full speed. Note 
brush holder knock-off (B-1) rides on brush holder ring (P-1). 


Fie. 170. 
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Place spring (K) in spring barrel (Q). Screw on spring nut (J) until 
it clears the end plate, when armature floats freely between bearings. 
In models 8-SA and 9-BA lock spring nut (J) by turning spring nut until 
lock screw hole is opposite half round slot in shaft, and insert fillister 
head screw so that it registers in shaft slot. 


Fie. 171.—Detail of spring barrel Fie. 172.—Detail of spring barrel 
assembly, Models 8-SA, 9-BA, 11-BA assembly, Models 14-BA, 17-BA, 17- 
and 14-LBA. LBA, 19-BA, and 22-BA. 


In models 11-BA and 14-LBA insert spring nut key (H) in spring 
nut slot and turn spring nut (J) until key (#) will engage slot in shaft. 
Insert spring nut key screw (J). 


61-00156 


Fie. 173.—Detail of spring barrel assembly, late construction, for Models 8-SA, 9-BA 
11-BA, 14-LBA, 14-BA, 17-LBA, 17-BA and 19-LBA. 


Figure 169 refers to models 8 and 9 in which the brush-lifting device 
differs from models to which Fig. 165 refers. An enlarged view of spring 
barrel mechanism detail is shown in Fig. 174. In assembling motor, 


e) 


Fic. 174.— Detail of spring barrel assembly for Models 8 and 9-BA. 


proceed as follows: Place spring (K-5) in spring barrel (Q-5). Push 
retainer (X-5) against spring (K-5) until retainer washer (Y-5) will fit 
in first or outer groove of shaft. If speed at which governor mechanism 
operates is too low, put retainer washer (Y-5) in second groove. 
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Replace end plate, lifting oil ring until shaft slides through bearing, 
making sure that brush holder ring screw (O), Fig. 172, fits into groove 
in brush holder rocker arm. 

Be sure that end plate and frame joints are perfectly clean, or the 
bearing may be out of alignment when the bolts are tightened up, causing 
the bearing to run too hot. 

Be sure that there is no more side play of brushes than is necessary 
for them to slide freely in the holders. 

Adjustment of Models Referred to in Fig. 168.—Remove load. 
Connect motor to line. Close switch. If motor knocks off brushes at 
speed slightly lower than full load, spring adjustment is correct. If the 
motor does not knock off brushes at all, see first that the voltage and 
frequency are correct for the motor. If it is, the spring is too strong, 
and if the spring nut cannot be unscrewed, thus lessening spring tension, 
without having it rub on end plate, small pieces should be cut off the 
spring until the motor throws off the brushes before full load speed is 
reached. 

Grind end of spring so that it will be similar to the uncut end, and 
give a full bearing on the spring nut. 

Tf the motor throws off brushes too soon it may not pick up its load, 
and the spring nut should be tightened until the brushes are released at 
speed indicated above. When brushes have been released, see that brush 
holder knock-off (B) rides upon the knock-off ring as shown in Fig. 170. 

Adjustment of Models Referred to in Fig. 169.—Proceed as above 
by removing load, connecting motor to line and closing the switch. If 
spring adjustment is found to be too strong and tension cannot be 
decreased by inserting retainer washer in first or outer groove of shaft, 
small pieces of spring should be cut off until the proper tension is obtained. 
The end of spring should be ground and shaped after cutting to give a 
full bearing on spring retainer. 


CHAPTER XXIV 
REPAIR SHOP TOOLS 


Just how much can be profitably invested in shop tools and what 
tools are required, depends entirely on the volume and kind of repair work 
being handled. It is, however, essential to provide those tools that are 
frequently needed but proprietors of repair shops have varying ideas of 
what equipment is necessary for everyday use and usually buy as little 
as possible. 

The following list includes the shop equipment which can be effec- 
tively used in a well-organized shop doing a fairly good volume and wide 
range of work; 


Suitable special benches 

Small speed lathe 

Sensitive drill 

Air compressor of about 35 cubic foot capacity for blowing out stators, 
for gas-air torches, paint sprayers, etc. 

Insulating cutting shear 

Insulation cell former 

Insulating varnish tank 

Drying oven 

Electric soldering irons 

Electrically heated solder pot 

Air pressure paint sprayer 

Commutator undercutting tool 

Test board and instruments including, 110 to 220 a.c. voltmeter, 
direct-current millivoltmeter, and direct-current ammeter with shunt. 

Head phones 

Growler 

Arbor press 

Small balancing ways 

Scales for torque test 

Gang winding moulds 

Bench holders for small alternating-current stators 

Winding stand and crank for small direct-current armatures 
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Rawhide mallett—Nos. 1 and 2. T-shaped cell drift 
Side cutting pliers—6- and 8-in. Wedge driver 

Files Riveting hammer 
Screw driver-—four sizes Machinists hammer 
Center punch. Scissors 

Flat steel drift Lead scraper 
Assorted fiber slot drifts Large knife. 


A shop can be overequipped with special tools just as it can be under- 
equipped and in each case the result is the same. In the former case the 
saving on a few jobs is more than eaten up by the interest and insurance 
on the special equipment when infrequently used while in the latter case 
with too few tools, labor costs are high on hand work that can be done by 
machines, when a large volume of the same kind of rewinding is handled. 
The repair shop is the birthplace for numerous home-made devices, 
some of which are great time savers and others, makeshifts that cost 
practically as much as standard tools and have a narrower range of appli- 
cation. This is particularly true of coil winders and spreaders—two 
pieces of equipment most essential when large numbers of form-wound coils 
are used. For small motor work skein moulds, adjustable winding forms 
and gang moulds provide in many cases the difference between profit 
and no profit on this work when price cutting competition is faced. 
Suitable work benches, reliable testing apparatus, varnish and oven equip- 
ment falls into this class also. 

A Convenient Work Bench.—A shop bench that keeps a winder from 
running about the shop for small tools, miscellaneous small materials and 
facilities for testing, is worth every penny it costs. In Fig. 175 a bench 
is shown that was developed by a shop handling a large volume of small 
direct-current armature rewinding mostly for automobile starting motors 
and generators. 

The top of the bench is large enough to hold all tools and materials 
ordinarily needed, while the drawer provides storage space for those which 
are not often required. If the drawer is provided with a lock, tools may 
be safely stored when the bench is out of service for a time. The bench 
is built of wood with the exception of the turntable, the winding centers 
and their supporting base, which are made of iron. 

The armature-supporting centers are carried on a turntable so that 
the work may be turned to any position with ease. Where armatures of 
only one size are handled the center supports may be made of wood and 
may be non-adjustable, but where shafts of various lengths must be 
handled it is best to secure a regular cast-iron center support with one 
adjustable end. A ball-bearing turntable support is used under the turn- 
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Fig. 175.—This bench is built for convenience in winding small armatures. 
A, adjustable center support for holding armature. _B, lever for locking revolving center support 
base in any position. C, lamp in series with testleads. D, test leads on lighting circuit. #, trimming 
strip around bench. This projects a short distance above the top of the bench, 


———— 


_— 


212 


REWINDING SMALL MOTORS 


y the 


Note the tools that are used b 
wnin Fig. 178. 


Fic. 177.—Foot controlled power operated winding stand for small 
The construction of this winding form is she 


direct current armatures. 


winder. 


Fig. 176.—Hand operated ‘holder for winding small direct-current 
armatures, that is provided with a turn counter. 
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table shown, but a spindle of any convenient type mounted on the top of 
the bench will serve satisfactorily in most cases. 

The pipe carried at the top of the two standards at the back of the 
bench is provided to support the reel or reels from which the winding 
wire is taken. Reels of about 10-Ib. capacity are most convenient, being 
light enough to be handled easily and still holding wire enough for several 
jobs. The lamp on the right-hand standard is connected in series with 


fe” fy 


Fic. 178.—Construction of holder for winding stand shown in Fig. 177. 


the lighting circuit and the coil of test leads shown on the top of the bench. 
The test leads serve as a convenient source of current for testing out the 
work as it progresses. 

Armature Centers and Stator Holders.—A convenient form of winder 
for small armatures provided with a suitable turn counter is shown in 
Fig. 176. Another type that can be power driven is shown in Figs. 177 
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Fig. 179.—Special winding tools used by winder shown in Fig. 177. 


and 178 with construction details. A convenient type of holder for wind- 
ing an armature in a horizontal position is shown in Tig. 180. 

Stator holders in a variety of forms are used from a V-block such as 
shown in Fig. 180 to special stands such as illustrated in Fig. 112, Chap. 
XVI, page 137. For the small shop, however, a flexible strap-iron holder 
like that shown in Fig. 181 will be satisfactory. The strap-iron is about 
28 in. long, bent into the shape of a U-clamp, with the upper ends held in 
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place by an adjustable bolt and nut. The lower end is bolted to the 
bench and the whole outfit forms a springy receptacle which can be 


For Stator of Squirrel Cage Motor 


Fig. 181.—Details of flexible stator holder that will take stators from 6 to 9 in. in diameter. 
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Fie. 180.—Two armature stands and a V-block for small stators that are easy to make, 
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Fic. 182.—The base of this winding device is a piece of 2- by 4-in. wood, while the 
upright is a piece of 4- by 4-in. The shaft and crank of the rotating part are made of 
iron. The bar which supports the armature is a piece of }4- by 2-in. iron, about 18 in. 
long. The holding clamps are of light strap iron, 4 in. to 6 in. long. 


Standard 


adjusted to a wide variety of motor frames ranging in diameter from 6 
to 9 in. The strap-iron of which the holder is made is 2 in. wide and 4 in. 
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thick; the tie rod at the top is 3g in. in diameter, and a 3£-in. bolt fastens 
it to the bench. It stands about 11 in. high. 


Special Chuck for Winding Small Coils.—For winding a variety of 
sizes and shapes of small formed coils as exact duplicates of the ones used 


in an old winding, the chuck shown in Fig. 183 can be used on a small 
speed lathe. 
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Fig. 183 —Convenient chuck arrangement by which old armature coils can be duplicated 
in a variety of sizes on a small speed lathe. 


This winding chuck is made up of two iron plates 34g in. thick and 12 
in, in diameter. To the center of the back plate is bolted a hub with a 
1-in. hole threaded for mounting on the spindle of a small speed lathe. 
The front plate is a duplicate of the back plate and is held to the latter 
by the bolts that are used to provide a frame on which the new coil is to 
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Fic. 184.—Simple coil form for mounting on a bench. 


be wound. In drilling the holes in these plates they were securely 
clamped together and the front plate was drilled with a 7>-in. drill. 
After passing through the front plate the location of the hole was only 
spotted on the back plate. The front plate was then removed and the 
back plate drilled as an exact duplicate according to the spots, with a 
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Fic. 185. —Tension on wire is varied by turning wing: nuts. g 
this rack for wire reels are shown in the drawings. 
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%er-in. drill. These holes were then tapped with a No. 10 tap with 
twenty-four threads per inch. This made it possible to screw ordinary 
stove bolts in the back plate to make up the form for winding a new coil. 
Since many coils are usually wound on the same form, it was found advis- 
able to use threaded bolts in the back plate, as these bolts support the 
front plate, which must be removed on the completion of each coil, and 
also to make a rigid form for winding the coil. Six stove bolts 1l¢ in. 
long, with sleeves made from }4-in. pipe, are used at the points of an old 
coil in making up the form for winding new ones. Thumb nuts on these 
bolts make it easy to clamp on the front plate. As shown in the accom- 
panying illustration, the edges of the plates are curved outward to pre- 
vent cutting the insulation of the wire when winding the coil. 

For counting the numbers of turns of an old coil used in laying out the 
form for a new one, the back disk is provided with a stud that operates a 
small revolution counter mounted on the head of the lathe. This device 
has been found convenient for winding field coils as well as armature coils 
of direct-current and alternating-current motors. 

Another common type of wood form for winding coils is shown in Fig. 
184, 

Holders for Wire and Tape Reels.—Since the tension under which 
wire is drawn from reels in winding operations affects the ease and speed 
of the winding job, a rack such as shown in Fig. 185 is a convenient device. 
This rack will take reels of wire ranging in size from No. 20 to No. 40. 
The tension is adjusted by springs which control the pressure of blocks 
against the ends of the reels. 

The blocks are attached to a cross arm with machine screws, the ends 
of the screws being filed flush with the concave surface of the blocks. 
The tension bolts are threaded and firmly screwed into the two outside 
holes tapped in the arm, so the bolts will not turn when adjusting the 
wing nuts. To load the rack the reel is held so that the ends fit into the 
grooves of both tension blocks. The shaft is slipped through the reel and 
the cotter pins replaced so the shaft will be held in place. The reel may 
be rotated in either direction. 

A handy tape reel is shown in Fig. 186. It provides an easy means of 
keeping tape out of the way when working around the bench. The 
brass circular sides are 3 in. in diameter and are provided with a U-shaped 
clamp with rods at the upper end through which the tape is fed. A wing 
screw enables the movement of the reel to be adjusted for the friction 
required to pull out the tape. With this reel enough tape to handle the 
immediate requirements of the job is fed forward. 

Tension Block for Magnet Wire.—When winding enamel-covered 
magnet wire it is often difficult to apply tension to the wire without 
injuring the insulating covering. ‘The same difficulty is encountered in 
only a lesser degree in winding either single or double-cotton-covered wire. 
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A device that can be used with both of these varieties of wire is easily and 
cheaply made from an ordinary carpenters’ wooden screw clamp, is 
shown in Fig. 187. The friction blocks are made of felt. 


The clamp selected should have jaws about 114 in. wide. Cut off the 


beveled ends of the jaws where the bevel starts, and fasten the remaining 
portions of the jaws together with four pieces of 24-in. wood. ; The inside 
space between the two jaws should be about 434-in. for ordinary work, 
Use flathead wood screws for fastening the various parts together. Guide 
plates, of 3£-in. wood, with holes of a number, size and arrangement to 
suit the work in hand, should be made for the front and rear of the 


device. ‘The edges of the holes should be carefully smoothed and rounded 
with sandpaper. 
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= ils of a handy taping reel. Fie. 187-——The felt strips permit 
oo ge r desired tension on the wire without 


injury to the insulation. 


A small strip of hard wood, triangular in cross section, is then fastened 
crosswise to the middle of the lower jaw. ‘The sides of the triangle are 
all % in. wide. Cut strips of solid, heavy felt, 44 in. thick, to fit snugly 
between the side and end pieces as shown. As many strips are used as 
there are horizontal rows of holes in the guide plates. They should be 
topped with a piece of light spring steel or }-in. thick fiber. The screws 
bear on this top plate, and it will be found necessary to cut them off a bit 
in order that they will not project so far that they are clumsy for the 

rator to handle. 
eas wire is threaded through both guide plates and between the 
pieces of felt. ‘Tension is applied and adjusted by means of the two 
screws and may be very closely regulated without injuring the insulation 
of the wire. The projection of the side piece on the back end affords a 
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flexible means for attaching the device to the reel rack which holds the 
spools of wire. 

Slot Insulation Cutter and Former.—The trimming and cutting 
of fish-paper, pressboard, mica or flexible micanite is one of the jobs 
always on hand where motors are made or repaired. To do this with 
reasonable accuracy where the only tools are a straight-edge and a knife 
or a pair of shears, is a tedious task as anyone will agree who has had to 
mark out and cut up slot insulation with such tools. And yet the work 
may be done very easily even though the shop cannot provide one of the 
large, standard insulation shears, for practically any establishment can 
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Fia. 188.—A photograph trimmer provided with a gage will cut strip insulation easily and 
accurately. Construction details are shown. 


afford to make up the trimmer shown in Fig. 188 (described by J. M. 
Welsh, May 1922, Industrial Engineer). 

The basis of this trimmer is an ordinary wood-base photograph trim- 
ming board of a size suitable to the work to be handled. A board should 
be selected of the type having the blade-wear taken up by spring pressure 
as shown in the sketch. The wooden scale which is ordinarily part of 
the trimmer as purchased should be removed and an old steel scale 
fastened in its place, or one leg of a cheap metal square may be used. 
With these changes the trimmer is ready for work and it will cut cleanly 
and neatly all of the materials above mentioned. 
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Where many strips of uniform width are required, the use of a gage 
is advantageous. With the help of the machine shop the stop gage 
shown in the drawing can be easily produced. ‘This gage has the special 
advantage that it can be used for very narrow strips as it is automatically 
depressed out of the way of the blade when the latter cuts, reappearing 
in proper position when the blade is lifted. 

The various parts are all made of wrought iron or cold-rolled steel, and 
the dimensions given are for a gage used on an 8-in. trimmer. This gage 
might also be used on a larger trimmer without much change. The stop 
D is set to give the proper width of cut by means of the two set screws 


Fic. 189.—Handy gauge and knife for cutting insulation for armature slots. 


in the pillow blocks, A and A, which support the gage rod, C. The 
spring £ returns the stop arm to its proper position after the blade is 
lifted if the work is so narrow as to cause the blade to strike the gage. 

For cutting fiber in very narrow widths the home-made gage (described 
by K. Knowles, February, 1922, Industrial Engineer) can be attached 
to a standard paper cutter as shown in Fig. 189. The gage consists of a 
straight bar, 21 in. long, 134 in. high and 3/¢ in. wide, attached to angle 
pieces which are seated against two sliding blocks arranged to move back 
and forth, as required, on the regular stop of the cutter. A }¢-in. rod 
connects the sliding blocks and is fitted with a spring to hold the gage 
in a horizontal position parallel to the face of the cutter. The gage can 
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be fixed in any position along the cutter by set-screw adjustment, and the 
fiber can be cut to hair-widths if desired. 

For forming insulation for cells of partially closed slots, the devices 
shown in Fig. 190 can be used. It is shown attached to a 40-in. straw- 
board cutting machine of the kind used in many repair shops. This 
fixture folds the cells and puts on a lip 149 in. wide as shown in the draw- 
ing. The bender is made of 14- by 134-in. cold-rolled steel. Two 
vertical bars hold a long bending bar to the cutting arm. Figure 190 
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Fia. 190..—-This device for bending slot insulating cells to shape can be attached to a 
cutting machine. 


shows the vertical bars attached to the cutter with two thumb screws. 
The knife holder has to be faced to receive the two vertical bars. The 
holes are drilled to receive the line-up studs. 

It will be noticed that one vertical bar is longer than the other, in order 
to give a long bending surface to press against the cell. The edge that 
goes against the stationary cutter is rounded off with 1-in. radius to 
prevent the insulation being cut. One bend is made at a time and then 
the strip of insulation is moved over to the position for the next bend. 
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Testing Equipment.—For testing small motors for short circuits, 
grounds, open circuits and the like, a convenient form of ‘‘growler” 
is a handy device. In Fig. 191 such a growler is shown that can be used 
on a 110-volt, 60-cycle circuit. It was made from an old direct-current 
fan-motor armature by removing the shaft and cutting off the teeth as 
shown in the illustration. 

A slot was then cut in one side to allow the wires of the winding to be 
inserted in the hole formerly occupied by the shaft. A thousand turns of 
No. 34 double-silk-covered wire were wound on. After the winding was 
put in, wedges were inserted to hold it in place. Lamp-cord leads were 
fastened to the growler and taped. 

To test for shorts, this small growler is placed on the stator teeth 
and a tin feeler is used across the slots, one coil pitch in advance of the 
growler. If the tin vibrates there is a short in that slot. To test for 
grounds, place the growler on the core and then touch one lead of the 
stator winding to the iron core. If a spark is produced, the winding is 
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Fig. 191.—Growler used to locate Fie. 192.—Details of the construction 
grounds and shorts in small stators. of the small growler shown in Fig. 191. 


grounded. This test can be made after a stator Is rewound and before 
connecting it up. Try each coil in the starting and running winding. 
The slot the ground is in can be located by making a good steady con- 
tact with one lead of the grounded coil to the stator core; then apply the 
growler and use the tin feeler to bridge the slots until it vibrates. 

Transformer for High-voltage Tests.—A transformer that provides 
test voltages from 100 to 1,500 in ten intermediate steps is shown in Fig. 
193. It can be constructed as follows: 

For the core, use laminations of the shape shown in the drawing. 
One-half of these laminations are of the dimension shown at A and are 
21¢ in. wide, while the others are of the dimensions shown at B, and are 
3 in. wide. Build up the laminations to a height of 4 in. One-half of 
the core should be built at one time, the B laminations alternating with 
the A laminations. After the two halves are built up, bolt them together 
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Fig. 193.—This transformer can be used for testing for grounds and short circuits with 
voltages of from 100 to 1.500 volts. 
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with 3<-in. bolts and put the coils in place. Then the halves of the core 
can be shoved together. 

For the primary winding use a coil of 120 turns of No. 16 gage double- 
cotton-covered wire. For the secondary winding use No. 26 double- 
cotton-covered wire and about 1,800 turns. Bring out six taps, including 
the end terminals, as shown in the drawing. Between the first terminal 
and the second tap, provide 100 turns; between the second and third 
200 turns, and so on, according to the figures in the drawing. By means 
of these taps the twelve different voltages shown in the accompanying 
table may be obtained. 


Taps FOR DIFFERENT VOLTAGES 


Volenne aeaed Connect high-voltage leads to taps shown 


below 

100 land 2 
200 2 and 3 
300 3 and 4 
400 4and 5 
500 5 and 6 
600 land 4 
700 3 and 5 
900 4and 6 
1,000 land 5 
1,200 3 and 6 
1,400 2 and 6 
1,500 land 6 


In bringing out any tap, the wire should be insulated with a varnished 
cambric sleeve, if this tap is to be covered by further layers of wire. The 
core itself should be insulated from the winding by fiber or fish paper, and 
the primary coil should be insulated from the secondary by the same 
material. 

After this transformer is built it can be mounted upon a baseboard 
and another board with terminal posts for the secondary can be mounted 
above the coils. In series with the primary side connect a fuse block for 
using an open fuse wire. Across the primary terminals connect a 110- 
volt carbon lamp. This lamp is a safety feature, as it is lighted whenever 
there is voltage on the primary side. 

Connect the primary leads to a flexible cord having on its other end a 
detachable plug to fit in an ordinary 110-volt outlet. The secondary leads 
should be flexible, heavily insulated wires. For the high-voltage terminals 
use wires which are wrapped with varnished cambric and outside of this 
place rubber tubing. 
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In operation, if a ground or short circuit is detected by the secondary 
leads, the fuse blows. On touching the secondary terminals to the con- 
ductor and frame and removing them, a light blue snapping spark indi- 


Fre. 195.—Low voltage testing transformer with high current capacity. 


The primary winding has 448 turns of No. 15 single cotton covered enameled wire with a tap brought 
out at each 112 turns. The secondary winding consists of four strips of 20-mil copper each of which is 
wound around the primary a different number of turns. Short pieces of busbar copper were sweated 
to the strips to serve as terminals. By connecting the test leads to the different terminals, a compara- 
tively wide range of voltage can be obtained, as shown in the table on page 227. 
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¥ig. 196.—Dimensions of laminated core of the transformer shown in Fig. 195 and ratio 
of turns in primary and secondary windings. 


cates only charging current and does not show a fault. A red or yellow 
flaming spark, however, shows that power current is passing and that a 
short circuit or ground exists, depending upon what is being inspected. 
Usually when there is such a short circuit or ground the fuse will blow. 
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Low-voltage High-current Capacity Transformer.—A source of high 
amperage is very useful around a repair shop for testing series coils, blow- 
ing out grounds and for other purposes. The design and construction of 
a small transformer for this purpose that will deliver 500 to 1,000 amps. 
at low voltage from a 220-volt circuit is shown in Fig. 195 (described by 
H. B. Willmott, September, 1924, Industrial Engineer). 

As shown in Fig. 196A the laminations are 103g in. long and 814 
in. wide with slots for the winding. The laminations are stacked 5 in. 
high. 

The primary winding consists of 448 turns of No. 15 s.c.e. wire with a 
tap brought out at each 112 turns. This winding can be wound on a 
simple wooden form, then taped, dipped in insulating varnish and baked. 


SECONDARY VOLTAGES OBTAINED ON 220-vorT PRIMARY 


Connect‘ons 


Secondary voltage* 


Primary | Secondary 


A to B) 2 


Ato C 
AtoD Lto M 


Ato FE 


Ato B 4 
AtoC 2 
1 
af 


to D Lto N 

Ato E { 
Ato B 6 
Ato C 3 
Adad Dene 2 
Ato E L11 


* If 110 volts are used on the primary divide the secondary voltage by 2. 


The secondary winding consists of three turns of laminated copper 
wound around the primary coil by hand and tapped at every turn. A 
short piece of 14- by 2-in. bus copper can be used as a terminal. To the 
end of this, four strips of 20-mil copper 37% in. wide are securely sweated 
and one complete turn made around the primary coil. Then another 
piece of 14- by 2-in. bus copper should be soldered on and one of the 20- 
mil sheets cut off. The three sheets remaining are carried around for the 
second time using ]49-in. fibre as insulation and sweated to a third piece 
of bus copper. Then another sheet is cut off leaving two sheets to go 
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around for the third time. ‘The ends should then be soldered to a fourth 
piece of copper for the end of the winding. 

The ratio of the turns in the winding is shown in Fig. 196B. Inas- 
much as both primary and secondary windings of the transformer are 
tapped, a number of voltages are available as shown in the table. If 
still lower voltages are desired, 110 volts may be used on the primary 
and the table voltages halved. 

The whole winding should then be stacked into the iron, suitable 
insulation being provided and arrangements made for tapping off flexible 
leads. Hold the laminations firmly together by clamping them between 
short pieces of light angle iron placed at the end. The complete trans- 
former, shown in Fig. 195 is rather heavy and may be mounted on a 
small truck or dolly in order that it may be moved easily about the shop. 

When using leads (Z) and (OQ) on the secondary, the copper will carry 
500 amp. If (Z) and (JZ) are used, 750 amp. can be obtained, and with 
(LZ) and (NV) 1,000 amp. These are, of course, intermittent ratings. 

Telephone Head Set Testing Outfit—The outfit shown in Fig. 197 
can be used for locating short circuits, grounds and open circuits 
(described by D. F. O’Donnell, October, 1922, Industrial Engineer). 

The parts needed are two or three dry cells, a small buzzer, a single- 

pole snap switch, one telephone induc- 
Mh tion coil and a 70-ohm head receiver. 

The battery, switch, buzzer and 
primary of the coil are all connected 
in series. A neat outfit can be made 
by procuring an old wall-type tele- 
phone box or any small container 
that will hold the cells, buzzer and 
Fic. 197.—Testing outfit for small motor pel, he swatehs eau le mounted 

qaadlinng, on one end and the four terminals for 

the secondary. on the otherend. The 

leads (a) and (b) go to two of the binding posts and receiver wires (c) 
and (d) to the other two 

When testing for grounds, connect (b) and (c) together. Leads are 
then taken from (a) and (d). Energize the primary circuit and apply 
leads (a) and (d) to the windings to be tested. If a dead ground is 
present a loud hum will be heard in the receiver. Partial grounds will 
give a sound somewhat less in intensity than that produced by shorting 
the test leads together. A slight clicking noise caused by the condenser 
action of the winding under test will always be heard, but you can easily 
recognize it. 

When testing for shorts, opens, etc., a good contact clip can be made 
from a piece of 3g-in. fiber and a few thin brass strips, as shown in the 
sketch of Fig. 197 and connect as illustrated. ‘The two center contacts 


Test clip 
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should be adjusted to bridge two adjacent segments on the commutator 
and the outer clips to rest about six segments apart. A normal coil will 
give a definite buzz in the receiver. Opens are indicated by a loud buzz 
and shorts by an absolute silence. Partial shorts will be indicated by a 
noise in proportion to the resistance of the defect. 

After a few trials a winder can test field coils and small alternating- 
current windings with results as accurate as those obtained with 
direct-current armatures. 


lt 
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o= E Clips 
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Fra. 198.—Connections for buzzer, telephone receiver and a’ telephone induction coil in 
testing out motor windings. 


This set is extremely sensitive, the intensity of the sound varying 
with the slightest alteration in the resistance of the circuit being tested. 
It can be used for many purposes besides those mentioned here. 

Another similar outfit is shown in Fig. 198 (described by G. R 
Thatcher, December, 1922, Industrial Engineer). The telephone 
induction coil is used as an intensifier, with the high-tension winding con- 
nected directly across the receiver. With this connection a partial short- 
circuit in a large armature can be located with absolute certainty. The 
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Fie. 199.—Details of a device for using a test lamp with a bar to bar test. 


Lest results are obtained by using a wireless test buzzer. In this particular 
buzzer the vibrations are considerably greater than in the common buzzer, 
giving out a high-pitched, evenly maintained note. 

For using a test lamp and 110-volt lighting circuit with a telephone 
head set for a bar to bar test of a winding, the device shown in Fig. 199 
will be found handy. (Described by R. C. Standford, September, 1922, 
Industrial Engineer.) When using the telephone receiver, as shown in the 
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diagram, a low buzzing in the receiver indicates a good coil, when the 
receiver is held tc adjacent bars between connections of the test lamp 
which are placed on opposite sides of the commutator. A loud buzzing 
indicates an open circuit. No buzz at all indicates a shorted coil. 
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Fig. 200.—When the slot opening is narrow, tools like these will help to get the right 
number of wires in the slot. 


Winder’s Hand Tools.—Some handy drifts for use in winding motors 
that have partly closed slots and threaded-in types of windings are shown 
in Fig. 200. The tool shown at I was made to enable the winder to 
force down the wires in the slots on some small stators which had a bore 
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Fie. 201—Five convenient aoe for the winder’s kit. 


of 4 in. and a core length of 6 in. It is obvious when considering these 
dimensions that there was no room in which to use a mallet. Therefore 
a small drift was fastened to a long piece of cold-rolled steel as shown. 
The length of steel was drilled and tapped and clearance holes were 
drilled in the “T” drift for the machine screws. In using this tool the 
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winder inserts the drift into the slot and presses down on each end of the 
bar. 

The tool shown at II is a modification of that at I. The handle in 
this case is made integral with the drift. This tool is very handy, as the 
winder can hold it and pound along without fear of hitting his fingers. 


Magnetic, Screw Driver Split Blade ae Baten 


Fie. 202.—These magnetic and split-blade screw-drivers are useful when inserting small 
screws In close places where the workman cannot reach with his hands. 


The widths given for A as the base of the tool will meet most cases. If 
a wider slot is encountered then a piece of 1/¢-in. or }¢-in. fiber can be cut 
to fit the slot and used under the “T’” slot drift, or the drift can be held 
crosswise in the slot. 
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Fic. 203.—These simple tools are easily made and can be adapted to ee repair 
work in any shop. 


The drawing at III shows a steel wedge which is a great time saver 
when winding small single-phase stators. This tool is made from round 
cold-rolled steel of the proper sizes. The three sizes given in the drawing 
will cover the majority of slot sizes. One side of the tool is ground flat. 
Grind as shown by the dotted line, making a wedge starting with a thick- 
ness of }4¢ in. up to the full diameter of stock used. After grinding, round 
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Fie. 205.—Some handy tools which were made from old hacksaw blades, 
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off the sharp corners to prevent the tool from cutting the insulation on the 
wires. In use this tool is forced through the slot as far as it will go with- 
out damaging the core or wires. Then the end of the tool projecting 
beyond the core is worked up and down to force down the wires. Care 
must be taken not to use force enough to bend the laminations. 

These tools will be found great time savers in winding almost any 
stator or rotor with partly closed slots. 

Slot Wedge Driver.—The wedge driver shown in Fig. 204 is made of 
five pieces of cold-rolled steel with the front end tapered to permit the 
tool to be used in restricted spaces. The sizes most used have A and B 
dimensions of }/¢-in. and 7(¢-in.; 5é4-in. and 7(¢-in.; }g-in. and 9%¢-in. 

Tools Made from Old Hacksaw Blades.—Broken or worn-out 
hacksaw blades make handy winding tools that require sharp edges. 
Several described by Nelson Hale in Industrial Engineer, May, 1923, are 
shown in Fig. 205. ‘They need only to be ground to shape and, if they 
are too hard, their temper can be drawn. For use in the electrical repair 
shop, blades ground sharp make good tools for cutting the ends of con- 
ductors at the commutator as shown in drawing A. ‘The thinness of the 
edge makes it cut with light blows of a hammer, so that the commutator 
bars are not knocked down. Some of the other shapes shown may be 
used to clean surfaces, to skin wire, and to do general service in the kit. 

Large blades ground like C make good single- and double-end scrapers. 
These blades are fine for light work and especially for removing accumu- 
lations from machines which have been idle for a time. Sometimes short 
blades can be put into a holder like D to good advantage. 

To make a tool useful to a pattern maker, take a power hack-saw 
blade, grind the teeth off and shape the end like #, sharpening it all the 
way around. This makes a good knife for reaching inaccessible places 
around the pattern. At B is a blade ground like a skew chisel and used 
for tracing lines for inlay work. By holding the upper end of the chisel 
with one hand and tapping it with a hammer one can work out any shape. 
At F is a double-ended palette knife good for mixing or spreading color, 
glue, putty or plaster of paris. 

Arbor Press and Tool for Removing Fields from Single-phase 
Motor Housings.—The tool shown in Fig. 206 (described by V. H. Todd, 
Electrical Record, November, 1924) can be used for removing the fields 
from Westinghousefan motors. This tool is intheform of an iron cylinder 
mn fitting snugly into the field and has recessed at one end a steel ring B, 
just like the piston ring on an automobile engine piston. This ring also 
slides through the field and when in position is spread by forcing down four 
taper-end pins C. The field is now set on the anvil D of an arbor press, 
which has a hole to pass the field but which catches the edge of the shell. 
A steel rod is now inserted in the shaft hole and the arbor press handle 
pushed down to force the field and cylinder out through the anvil D. 
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Fia. 207. Removing commutator by pounding with rawhide hammer on end of shaft, while 
the armature is suspended on two flat iron bars supported on wooden uprights. 


REPAIR SHOP TOOLS 235 


This same method is employed in the direct-current field except that 
a short piece of steel is laid across the inside ends of the field and then 
forced out with the arbor press. 

In many cases the fields may be removed by one person holding the 
field with the fingers gripped through the armature hole while another 
hammers on the edge of the case with a hammer and copper chisel. This 
method relies on the inertia of the field to shift when hammered. It 
unfortunately often damages the finish on the fan. 

In extreme cases where even the arbor press will not remove the field, 
the case is slit with a hack-saw, split, removed and replaced with a new 
one. 


Fia. 208.—This varnish tank and rack provide for dipping thirty-six armatures at one time. 


All armatures should be dried at a temperature of about 220°F., for approximately two hours in an 
oven before being dipped. The varnish should be maintained at about 100°F, Allow armatures to soak 
until all bubbling stops and tenh drain for 30 to 45 minutes. 


Dipping Armatures Wound with Single Cotton and Enamel Insulation. 
A few hints on dipping armatures wound with single cotton and 
enamel-covered wires will be appropriate at this point. Heat the 
armatures to about 170 to 200°F., then give them a quick dip 1 to 5 
min. depending upon the size of the armature in a thick varnish 
(never shellac). Allow the armature to drain and then put it in an oven. 
If a thin varnish is used it will have more of a tendency to soften the ena- 
mel than a thick varnish. The alcohol in shellac will soften the enamel 
quicker than will benzine or gasoline. A thin varnish contains a greater 
percentage of solvent than a thick varnish and it is the solvent of 
the varnish that attacks the enamel. Figure 208 shows a dip tank and 
rack for dipping 36 armatures at one time. Note that the armatures 
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are dipped with the commutator end up, so that the drain is away from 
the commutator. 

Varnishes for Coil Insulation—Because the desirable characteristics 
for a perfect varnish cannot be combined into one compound, a number of 
varnishes have been developed, each having its own characteristic. The 
purposes of some insulating varnishes are indicated in the following table. 
Where more than one varnish can be successfully used the different types 
are indicated as first, second and third choices. 


Correct Varnisu To Use ror InsuLatine Comts 


Clear varnishes Black varnishes 


Characteristics of clear and black baking 


; i . i High- 
ort ene tee Sr HCN oar | MAE | Chae | wok | at | lack | nc 
quick 2 elastic | quick | resist- | plastic | elastic 
e elastic ? 4 6 a 
baking baki baking | baking| ing | baking | baking 
aking . 
baking 
a 
Dielectric strength..................... 3 1 1 3 2 2 1 
Mechanical strength. 3 1 2 3 4 5 ve 
Pie ea even sees oop ee 3 2 1 3 3 2 1 
ERE S28 Vy care BAAD een en a 50 a5 no é as 1 
PR e eNOS Foes. ay 5 Ure oR ete oe 2 1 1 2 3 4 1 
Wiater resistance: . sf. ss crests eieisee sxc 2 2 1 2 2 1 1 
Lite since leah... eles lays Pe cacy cela s 4 3 2 4 2 1 2 
Treating cloth, naper and thin fibrous 
niet Geral F<, ./<2,5- ste sees a eee 3 2 1 3 3 2 1 
Treating fullerboard and heavy fibrous 
MMALELIA Ss, 0:5'4o'<1a sar oteeenye alert ais, 2 1 2 2 3 3 2 
Small high-speed armatures.........- 3 1 2 3 er 2 
Intermediate-speed armatures........... 3 1 2 3 3 3 2 
Large low-speed armatures 3 2 1 3 2 2 1 
Field and stator coils.................0 3 2 1 3 2 1 1 
Automobile-starting motors............. 1 
Vacuum-cleaner motors................ 1 1 1 
1 1 1 1 1 
2 
a6 oe 2 1 2 
3 1 2 3 2 2 
1 2 2 
High-potential apparatus............... 1 2 2 
Hiranisformens vaca sneer tne 1 2 aie 2 
Average repair shop conditions......,... 2 2 1 


* Numbers indicate order of suitability (Sherwin-Williams Company). 


All of the varnishes mentioned in the table are of the baking type. 
However, insulating varnishes in general may be divided into several 
general classes, such as clear varnishes, black varnishes, baking var- 
nishes and air-drying varnishes. The most marked difference between 
the clear and the black varnishes of course is the color, but owing to 
fundamental differences in the characteristics of the ingredients enter- 
ing into their composition, there are also some differences in the physical 
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properties of the varnishes themselves. As a general rule clear varnishes 
possess greater mechanical strength and resist oil better than black var- 
nishes. An exception to this is the black elastic baking varnish shown in 
the table. Where extreme mechanical strength is required, as on small 
high-speed armatures, clear varnishes are best. 

Black varnishes are not quite so strong mechanctally as clear var- 
nishes but are sufficiently strong for most purposes. On stationary wind- 
ings, as on alternating current stator windings, the varnish is not 
subjected to centrifugal stresses and there is no advantage in using a clear 
varnish. Certain black varnishes are made from plastic materials and 
have the ability to withstand long-continued heating without hardening. 
Black varnishes, as a rule, are cheaper than clear varnishes, and are more 
commonly used. 


Fie. 209.—Small oven suitable for baking small armatures. (Made by Despatch Manu 
facturing Company.) 


The chief difference between baking varnishes and air-drying var- 
nishes is in the proportion of oxidizing ingredients contained. The bak- 
ing varnishes are tougher, more elastic, more resistant to oil and water, 
and have longer life under heat. Speed in drying is always accomplished 
at the expense of these characteristics, and the air-drying varnishes are 
less durable and elastic than the baking varnishes. 

Baking Armatures and Stators.—Before small armatures and stators 
are dipped in varnish they should be baked in an oven for. at least two 
hours at a temperature of about 220°F. After being dipped in varnish 
they should be again baked after each dip. For armatures up to 10 in. 
in diameter these directions can be followed. 

First, bake for two hours at 220°F. Then dip while hot in black plastic 
varnish and allow the armature or stator to soak until all bubbling stops. 
Drain for 14 hour. Dip armatures with commutator end up but do not 
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immerse commutator unless a Bakelite dip is used when the whole arma- 
ture can be immersed. After draining bake again at 200 to 220°F. for 
6 to 8 hours. 

An electric oven suitable for baking small armatures is shown in Fig. 
909. It has a temperature range of 100 to 400°F. and a maximum cur- 
rent consumption of 900 watts on high heat, 400 watts on medium heat 
and 200 watts on low heat. These ovens operate on all standard voltages, 
either direct or alternating current. The heating elements are so con- 


Fig. 210.—Small bench lathe suitable for turning commutators of small armatures. 


structed that they do not become red, eliminating any chance of fire or 
explosions. Such an oven measures about 18 in. wide, 14 in. high, and 
14 in. deep. 

Points on Soldering.—Soldering may be regarded as a chemical 
operation carried out by heat. The following practical pointers in order 
to do a good job were given by James Dixon in Industrial Engineer for 
November, 1922. 

The parts must be clean and covered with some substance, known 
as a flux, which will dissolve the oxides that form on the metal by the 
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action of the air, so that the solder can get into chemical contact with the 
clean metal. 

Soldering can be done by using an “iron” to transmit heat to the joint, 
or by heating the joint by dipping it in melted solder, or by blowing a 
flame on it. Soldering irons are made in a variety of sizes and shapes, 
depending on the character of the work. 

Common solder is known as “‘half and half,” as it is composed of equal 
parts of tin and lead. This grade is used for most work and has the char- 
acteristic of softening at a fairly low temperature and remaining mushy 
until considerably hotter, when it becomes very thin. The other kind of 
solder used in electrical work is called hard or AC solder. It has more 
tin in it, takes more heat to soften it and gets very thin almost as soon 
as it softens. It is used for soldering squirrel-cage rotors and stators, 
also for soldering wires into commutator necks of small motors that oper- 
ate in hot places such as on head-light motor generator sets, etc. 

Burnley’s soldering paste is a good flux for soldering copper. . When it 
is used on joints which are to be taped, they should be washed off with 
gasoline after soldering, to remove any excess of flux. Another flux is 
made of rosin dissolved in benzine or rosin alone, or even good rosin 
varnish can be used. This is best for general use in soldering small 
armatures and stators. Acid soldering solution or salts should never be 
used for electrical connections as theresidue will absorb moisture and cause 
corrosion, which will ruin the insulation. The following formula for a 
non-corrosive soldering fluid is taken from the National Electrical Code: 
Saturated solution of zine chloride, 5 parts; alcohol, 4 parts; glycerine 
part. 

In soldering joints in windings, an iron is used except in the case of 
alternating-current stators where the end connections can sometimes be 
sweated by pouring. In this case the connections to be soldered are 
allowed to stand out and two ladles are used. One ladle should have a 
long snoot and the other can be of any type. When soldering, hold the 
ladle with the long snoot under the joint and pour the hot solder from 
the other ladle on the joint so as to catch the solder in the long snoot 
ladle. A number of joints can be made in this way with a ladle full of 
solder. 

Soldering commutator tails is an important job, inasmuch as a poor 
joint is sure to cause trouble in the shape of black spots and overheating. 
As it is impossible to get at the side, all of the heat must be transmitted 
from the iron to the joint through a small area at the top. The joints 
must be perfectly clean and wedges driven in to bring the copper of the 
tails as close as possible to the leads. The irons must be well tinned by 
rubbing, while hot, on sal ammoniac crystals and solder. Time must 
be given for the joint to heat up thoroughly, so that the solder will 
run in all the way and not merely around the edges. To avoid delay in 
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waiting for hot irons, a torch flame may be held on the iron as long as 
it works satisfactorily. ‘This is practically as good as a gas iron. It 
requires two men; one to hold the iron and feed solder, and another to hold 
the torch. For small tails a soldering iron tip for the torch works well. 
Electric irons are not so good for this work, as they do not stay hot enough. 
It is safe to say that success in soldering depends 90 per cent on getting 
joints ready and clean and on having good tools, properly heated. 
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Coil connections, checking for reversed 
or crossed leads, 94 
Coil ends locating shorts between, 102 
Coil ends tied with cord, 120 
Coil insulation, varnish for, 236 
Coil leads, locating shorts between, 101 
Coils for closed-slot armatures, 57 
Coils, winding without cutting wire 
between, 133 
Color of sleeves, reversed coil leads due 
to wrong use of, 95 
Colored sleeves: 
for loop winding, 39 
for special chorded split-pitch 
winding, 43 
for split V-loop winding, 60 
marking coil leads, 81 
precautious when inserting, 61 
progressive-sphit winding, 68 
Combination cell for insulating slots, 118 
Compensated series type universal motor, 
149 
Compensating winding for universal 
motors, 153 ; 
winding coils in, 155, 160 
winding compensating coils, 160 
winding main coils, 160 
Commutator: 
checking position with armature 
in motor, 78 
determining position on shaft, 76 
distance to be pressed on shaft, 78 
filling out between coil ends, 82 
lining up slots with commutator 
mica or bars, 78 
location of brushes on, 81 
position for chorded-pitch winding 
46 


Commutator: 
position for full-pitch winding, 76 
soldering leads to, 89 
testing for shorts, 91 
tests to locate grounds in, 91 
Commutator bars, marking of, 12 
examples for, marking, 16 
Commutator motors series type, 111 
Commutator necks, milling of, 33 
Commutator type series far motors, 164 
checks to make after connecting, 
88 
connecting first coil leads for split 
V-loop winding, 85 
leads of first coil, 82 
soldering leads to commutator, 
89 
test to locate top leads, 85 
when there are several leads in one 
sleeve, 83 
when there are two or more coils 
per slot, 84 
Connecting loops to commutator of 
special chorded-pitch loop wind- 
ing, 45 
Connecting single-phase motors, 144 
Connections of coils, checking for re- 
versed or crossed leads, 94 
Connections for main and compensating 
fields in universal motor, 155 
Construction of transformer for locating 
troubles in d.-c. armatures, 6 
Continuous strip insulation for slots, 28 
Controlling speed of fan motors, 168 
Core, how to keep wires of coils from 
climbing above when winding, 
132 
Core and winding insulation, 117 
Cores, building up new, 25 
insulating ends of, 26 
Cost information forms, 4 
Customers requirements, ways to record, 
2 


D 


Defects in armature winding, how to 
locate by tests, 90 
Diametrically-split winding, 62 
steps when winding, 62 
Diamond mush coils, three steps in insert- 
ing, 183 
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Dipping armatures wound with single 
cotton and enamel insulation, 
235 
Direct-current armatures: 
commutator position for, 76 
connecting up, 81 
recording data for coils of, 21 
special windings for, 35, 41, 47, 
47, 49, 62 
stripping of, 21 
testing while and after winding, 90 
turns per coil, quick way to deter- 
mine, 21 
Distributed pole fan windings, 166 
Drill and grinder windings, 148 
Drink mixer windings, 148 


E 


Easy method for winding a skeim, 125 

Easy method for winding split winding, 
54 

Enameled wire for small motors, 31 

End rings to protect overhanging coils, 
120 

Estimating new work, forms for, 4 

Estimating rating of single-phase motor 
frame, 189 


F 


Fan motor blades, effect of changing, 174 
Fan windings single-phase: 
commutator type series, 164 
controlling speed, 168 
distributed pole, 166 
effect of changing number of 
blades on, 174 
induction type, 165 
induction winding with high start- 
ing torque, 171 
starting windings, 168 
speed change by taps on auxiliary 
winding, 170 
universal fan motor, 170 
windings for ceiling fans, 170 
Fiber head and end washers, for d.-c. 
armatures, 30 
Field coils, testing of, 5 
Finishing operations, record form for, 4 
Fish-paper only for insulating slots, 117 
Fish-paper and treated cloth for insulat- 
ing slots, 117 


Former and cutter for slot insulation, 220 

Forms for repair record system, 1 

Full-pitch winding commutator position 
for, 76 


G 


Grounds, location of im single-phase 
windings, 197 
Grounds, tests to locate in commutator, 
91 
testing winding for, 92 
Growler for locating troubles in d.c. 
armatures, 7 
for locating shorted coils, 97 


H 


Hand and bench tools, 210 

Hand and skein windings information 
needed, 115 

Hand and skein wound stators, connecting 
coils of, 140 

Hand tools for winders, 230 

Hand winding, how it is put on a stator, 
131 

Hand wound coils, starting of, 131 

High-voltage test transformer, 223 

Holders for armatures and stators, 218 

Holders for wire and tape reels, 218 


I 


Induction type fan motor, 165, 171 
Information for job tickets, 3 
Information needed for hand and skein 
windings, 115 
Information needed for rewinding jobs, 
11 
Information to record for small a.c. 
motors, 112 
Inspecting slots for defects, 24 
Inspection tests, 5 
Insulating armature core, 24 
continuous strip method, 28 
Insulating the core and the winding, 117 
Insulating ends of old cores, 26 
shafts of d.c. armatures, 27 
slots of d.c. armatures, 27 
Insulating slots with combination cell, 
118 
Insulating slots with fish-paper only, 117 
Insulating slots with fish-paper and 
treated cloth, 117 
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Insulation between phase coils, 185 
Insulation for different sizes of wire, 33 
Insulation required for automobile 
armatures, 69 
strap coils insulated for Bakelite 
dip, 70 
use of liquid Bakelite, 69 


J 


Job records, 1 
Job ticket form, 3 


L 


Laminations, correcting flare of, 24 
Laminations, truing up, 24 
Lap winding, recording data for, 17 
Layer winding for automobile armatures, 
72 
connecting to commutator, 75 
making ends of coils wind in layers, 
74 
Leads, how to bring out of stator, 128 
Left-hand and right-hand loop windings, 
36 
Liquid Bakelite for automobile armature 
Insulation, 69 
Locating trouble in d.c. armatures, 6 
Loop winding: 
advantages and disadvantages of, 
35 
colored sleeving for, 39 
having more than one coil per 
slot, 39 
having more than one wire in 
hand, 39 
how coils are wound in place, 35 
left-hand and right-hand, 36 
starting of, 35 
starting first two coils, 38 
steps in winding, 37 
testing for grounds, 40 
winding last two coils, 40 
Low voltage (d.c.) armature windings, 
69 
Low-voltage high-current capacity trans- 
former, 227 


M 


Marking slots and bars, 12 

Material and time tickets, 4 

Method of putting on chorded split 
winding, 51 


Motor starts but will not pull load, how 
to locate troubles, 108 

Motors that will not start, how to locate 
troubles, in, 107 

Mould and hand winding, 138 


O 


Old motors, how to get winding and con- 
necting information, 112 

Operations to check time on, 12 

Overhanging coils protected by end 
rings, 120 


1 


Phase coils insulation between, 185 
Pitch of two-layer (a.c.) winding, 182 
Points on soldering, 238 
Polarity of single-phase windings, 197 
Portable electric tool windings, 148 
Precautions when inserting sleeves on 
coil leads, 61 
Progressive-split-hand winding, 64 
chart for winding, 65, 66 
how it saves time in rewinding, 64 
points to watch, 68 
sequence for winding in coils for, 
67 
when slots are divisible by four, 65 
when slots are not divisible by 
four, 66 
winding in coils of, 66 


R 


Rating of single-phase motor frame, 
estimated, 189 
tables for finding hp. rating, 189, 
190 
Reasons for variations in readings with 
bar-to-bar test, 102 
Receiving tag, 1 
Record system for wide variety of work, 1 
Recording connections to commutator, 16 
coil and commutator throws, 17 
Recording data for lap winding, 17 
for coils, 21 
Recording data for wave winding, 19 
Repair bench tests board, 7 
Repair instructions, 2 
Repair records, 1 
Repair shop tools, 209 
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Repairs needed, tests to determine, 5 
Repulsion motor assembly, 205 
adjustments, 205, 207, 208 
Repulsion motor fails to start, 108 
Repulsion-starting motors, 110 
Reversed or crossed leads, checking coil 
connections for, 94 
due to use of wrong color of 
sleeves, 95 
Rewinding information, i1 
forms for recording, 14, 15, 18, 19 
Rotation, direction of when connecting 
skein wound coils, 141 


Ss 


Scraping slots, tool for, 24 
Series motors of the commutator type, 
111 
Series type universal motor, 148 
Shading-coil motors, 111 
Shaft, wear of, 9 
insulation for d.c. armature, 27 
Shorts, between coil turns, 98 
determining whether in winding 
or in commutator, 100 
finding slot in which it is located, 
99 
locating by use of a growler, 97 
location of between coil ends, 102 
location between coil leads, 101 
testing commutator for, 91 
testing, winding for, 96 
between top and bottom halves 
of coils, 98 
Shove through coils for closed-slot 
armatures, 57 
Single-phase fan windings (see fan wind- 
ings single-phase). 
Single-phase motors, changed for opera- 
tion at two speeds, 146 
connecting various types, 144 
main features of, 138 
Single-phase rotors, balancing of, 199 
testing for brush position, 199 
testing centrifugal switch, 199 
testing for poor bar contact, 199 
Single phase winding, checking polarity 
of, 197 
how to determine turns, size of 
wire and coil pitch, 190 
testing for shorts, 197 


Six points to note before stripping a 
stator, 116 
Skein or hand-wound stator, connecting 
of, 140 
Skein, how to calculate length of, 128 
easy method for winding, 125 
how to make up and wind it in 
small a.c. stators, 121 
for small a.c. stators, 121 
starting in proper place on stator, 
122 
winding on stator, 121 
Skein split, when it can be used, 126 
Slot insulation cutter and former, 220 
Slot wedge driver, 233 
Slot wedges, 31 
Slots, common shapes of, 26 
continuous strip insulation, 28 
examples for marking, 16 
insulated with combination cell, 
1i8 
insulated with fish-paper only, 117 
insulated with fish-paper and 
treated cloth, 117 
insulation for a.c. armatures, 27 
marking of, 12 
Slots and teeth, lining up with com- 
mutator mica or bars, 78 
Soldering, pots on, 238 
Special chorded split-pitch loop winding: 
advantages of, 41 
colored sleeves for, 43 
connecting loops to commutator, 
45 
precautions when connecting up, 
46 
starting the winding, 42 
wound with one wire in hand, 42 
Speed change by taps on auxiliary fan 
winding, 170 
Split-phase motors, 110 
Split-V loop d.c. winding, 59 
advantages and disadvantages 
of, 59 
connecting leads of first coil, 85 
used on automobile generator 
armatures, 60 
Starting d.c. loop winding, 35 
special chorded split-pitch loop- 
winding, 42 
chorded split-loop winding, 47 
split V-loop winding, 60 
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Starting hand-wound coils, 131 
Starting and running coils distributed 
in slots, 135 
Starting and running windings, how 
distributed in slots, 135 
Starting winding, position of with refer- 
ence to main winding, 137 
Starting winding in proper place on a 
stator, 122 
Starting windings for fan motors, 168 
Stator leads, how to bring out, 128 
Steps in winding a loop winding, 37 
chorded split-loop winding, 47 
split-loop winding, 60 
diametrically-split winding, 62 
progressive-split winding, 66 
layer winding, 74 
Strip and rewind when troubles cannot 
be located, 103 
Stripping a stator, six points to note, 
116 
Stripping d.c. armatures, 21 
Stripping universal motor, 151 


T 


Tags to indicate repair work to be done, 2 
Tape reel holders, 218 
Telephone head set testing outfit, 228 
Tension block for magnet wire, 218 
Test before removing connections to 
commutator necks, 17 
Test board for repair bench, 7 
Test to locate top leads of coils, 85 
Testing armatures while and after wind- 
ing, 90 
Testing commutator for grounds, 91 
for shorts, 91 
Testing equipment, 223 
Testing inspection to determine repairs 
required, 5 
outfits for accurate tests, 6 
Testing and locating faults in small 
a.c. motors, 107 
Testing loop winding for grounds, 40 
Testing single-phase winding for shorts, 
197 
Testing transformer, 6 
Testing winding for grounds, 92 
for short circuits, 96 
Tests to make when winding d.c. arma- 
tures, 90 


Thirty-two volt armatures, 72 
Threaded-in-strap copper coils, 187 
Time-ticket form, 5 
Tool for removing single-phase motor 
housing, 233 
Tools made from old-hacksaw blades, 
233 
Tools for repair shop, 209 
Transformer for high-voltage-tests, 223 
Transformer for locating troubles in d.c. 
machines, 6 
construction of, 6 
Transformer low-voltage high-current 
capacity, 227 
Treated cloth and fish-paper for insulat- 
ing slots, 117 
Troubles, how to locate when motor will 
not start, 107 
Troubles, locating in small d.c. armatures, 
6 
Troubles, location of when motors starts 
but will not pull load, 108 
Troubles in single-phase repulsion motors: 
brushes return to commutator 
after being released, 203 
failure to release brushes on full 
load, 200 
failure to release brushes on no 
load, 202 
failure to start, 199 
hot bearings, 203 
motor heats on light-loads, 203 
motor heats when loaded, 203 
Troubles in universal motor, location of, 
109 
Troubles with starting circuit switch, 
108 
Truing up laminations, 24 
Turns, size of wire and coil pitch for 
changed single phase-winding, 
190 
Two speeds, single-phase motors changed 
for, 146 
Two-layer (a.c.) winding with one coil 
side per slot, 181 
checking pitch of, 182 
flat diamond mush coils for, 
183 
Two-layer flat diamond mush coils, 183 
extra insulation between phase 
coils, 185 ; 
three steps in inserting, 183 
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Two-layer winding with diamond mush Wedge driver, 233 


pulled coils, 187 
Tying ends of coils with cord, 120 


U 


Universal fan motor construction, 170 
Universal motor, compensated-series 
type with two windings, 149 
compensating windings for, 153 
connections for main and com- 
pensating fields, 155 
with distributed field and shifted 
brushes, 149. 
insulating slots and coils, 157 
kinds of windings used, 151 
locating troubles in, 109 
straight series type, 148 
stripping of, points to remember, 
151 
unusual features of, 156 
winding coils in, 155 
winding troubles when main coil 
slots are not marked, 157 


Vv 


Vaccum cleaner windings, 148 
Varnishes for coil insulation, 236 
Varnishing and baking winding, 119 
Vibrator windings, 148 


Ww 


Wave winding, recording data for, 19 
Wear of bearings and shaft, 9 


Winder’s hand tools, 230 
Winding and coil insulation, 117 
Winding chart for chorded split-loop 
winding, 53 
Winding chorded-split winding with 
machine, 54 
Winding coils without cutting wire 
between coils, 133 
Winding data, how to record, 10 
forms for recording, 11, 14, 15 
things to record, 10 
card records for, 11 
coil diagrams showing, 11, 18, 19 
that prevents mistakes, 11 
for automobile armatures, 20 
Winding a loop winding, steps for, 37 
Winding a skein, easy method for, 125 
Winding a skein on the stator, 121 
Winding stator, proper place to start, 122 
Winding table for split-loop winding, 54 
Windings for ceiling fans, 170 
for portable electric tools, 148 
for vaccum cleaners, drink mixers, 
vibrators, etc., 148 
Windings used on small a.c. motors, 177 
on universal motors, 151 
Wire insulation for small motors, 31 
asbestos wire for high heat, 32 
kinds for different wire sizes, 33 
Wire reel holders, 218 
Wires, how to keep from climbing above 
core, 182 
Work bench, 210 
Work order form, 3 


